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ABSTRACT

Presents results of study to determine the degree to which the

Iunar Orbiter (in its present or in a modified form) is capeble
of supporting other scientific experiments. The study shows that
other eiperiments can be sccommodated by minor hardware changes

because of the operational flexibility available in the present
design.
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1.0

1.1

1.2.

INTRODUCTION

This docﬁment, D2-100369-1, is the Tiret of two volumes of the
final written report on "A Research Study of the Lunar Orbiter
Spacecrgtt Regarding Its Adaptability to Other Seientific
Investigations", performed under Contract NAS 1-4959, dated
April 28, 1965. The second volume, ;b~100369-2, provides back-
graund‘description’of the Lunar 0rbiter_appropriateitO'thg -
adaptebility study. | |

SCOPE |
The study_examined.the adaptabiiity’of four distinct configurations
to ten designated scientific experiments. The four configurations,
referred to herein as Cases I, II, III and IV and the ten experi-
ments were specified in the contract Statement of Work L-5382.

The configuration cases are described in Table 1.2-1 for

convenience,
: TABLE 1.2-l

! CONFIGURATION CASES

Case I - = Complete present Photo Subsystem. Allowable yeight,
920 pounds.

Case IT - High Resolution Photo Capability removed. Allowable
weight, 860 pounds. v

Case III - Medium Resolution Photd Capability removed. Allowable

weight, 860 pounds. e

REV LTR
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1.2

rn
o

2.1

(Continued) |

Cése IV,‘ - Photo Capability totally removed. Allowable
weight, 860 pounds.

All Cases: Existing micrometeoroid and radiation dosimeters
removed. OShroud configuration for Block I to be
retained.

Launch vehicle for Block I to be used.

The ten scientific experiments are described in Appendices A
and B herewith, which are reproductions from the contract
Statement of Work. It will be noted that the experiments may

be clasgsified as follows:

Surface Related Space Related
dema Radiation | Micrometeoroid

Infrared : Solar Plasma
BiStatic Radsr ' Magnetic Field
Photometry/Colorimetry Selenodesy
X-Ray Fluorescence

Radiometer

SUMMARY

METHODOLOGY
The experiment description data as provided by the Statement

of Work was supplemented by a literature search wherever necessary

REV LTR
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2.1

(Contiﬁu;&)r |

for purﬁéﬁ?s of configuration definition and subsystem modifica-
tion studies. The results.of the search are summarized in |
Appendix C. It 1s to be noted thét wherever a discrepancy

between the Statement of Work and the literature search existed,

| the study uses the deta supplied by the Statement of Work since

the lit@rgture search was limited to state-of-the-art equipment.

The general system and subsystem operational flexibility and

'constraints were reviewed and a range of feasible modiflcations,

varying in compleXAty and providing a vide range of cepability
of" suppcrting cambinations of scientific experiments, was

identified.

The geﬁéral parametric study referred to above was used to
egtablish ground rules for 1ntegra§ion of scientific experiment
groupings into the four configuration cases. The experiment
Operational requirements, and the photo subsystem modifl“at10n°
as specified by the Statement of Work were used to define mission

parameters and operational sequences,

System configuration layouts were generated for several experiment
groupings in order to illustrate the capability of mechanical

integration and to provide baseline data for subsystem studies.

Subsystems studies relating to two specific configurations and
mission profiles and Sequences were performed in order to extend

the parametric data to specific cases and tc provide a realistic

REV LTR
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2.1 (Continued)

identification of subsystem modification requirements involving

experiment groups.

2.2 CONCLUSIONS

Each of the four Lunar Orbiter spacecraft configuration cases
stipulated in the Statement of Work can accommodate combinations
of scientific experiments. Regardless of the configuration
chosen, changes to the vehicle and its subsystems will be limited
to adaptations and rearrangements made necessary by the require-
ments of the experiment instrumentation. The performance of the

spacecraft will be retained in all important respects.

Optimization of the spacecraft/experiments should be accompiished
through the design of appropriate instrumentation and by utiliza-
tion of the operational flexibility of the vehicle. The capability
of the Lunar Orbiter to select from a wide range of orbit gec-
metrics, is of significant importance. Extended life in orbit

and the ability, under certain conditions, to mede orbital chancas

may be of equal or greater value in certain missions.

The planning for space and for surface missions and for combin:--
tions of both must recognize that the spacecraft is a space-
stabilized vehicle which relies on célestial reference and sclar
power. It is, therefore, space-oriented during the major portion
of each orbit. Surface-related experiments can be accormodated,

however, by orienting the spacecraft to the lunar surface for a

REV LTR e | D210
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2.2

(Continued)

portion of each orbit in t.he manner employed for the present
photographic subsystem. Extended surface area coverage can

be achieved by repeti‘ti'on Qf the experiment on several orbital {
passes. Space-exﬁeriments may be performed cmtinuo_gsly, if

desired.

Mounting of additiéﬁé‘l sensors may introduce a requi'rement

for a general rearrangement of components, 1nclud1ng the phot.o» :

graphic subsyste'n, on the equipment mounting deck in order to

preserve spgceeraft balance.

Powar reguirements vbf the experiments can be met without sub-
systemtmodification. ~ This can be accoﬁplished by & mission

profile ,_design' proyiding an aﬁpropriate time balance between

~ operation on solar a:;,d.'battery power,

Communication subsystem'-‘and data storage requirements associated

with additional experiments ‘can be accommodated up tb a rate

of 100,000 bits/second in 1ntermittent ‘experiment operation, by ,.

an aﬁd:ltion of a tape recorder. The accumulated data store
will be transmitted in a compressed time period over the present

video l_i-nk on a time share basis, with video data, if necessary.

Attitude control subsystem requirements associated with experi-
ment mounting and experiment orientation requirements can be
met with minimel modifications. Increased reaction control

nitrogen gas requirements, associated with increased number of

REVLTR
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(Continued)

spacecraft orientation maneuvers, can be met by an sddition of
manifolded nitrogen tanks. The problems of increased moments
of inertis, associated with increased spacecraft weight and/or

boom deployment, can be resolved either by increasing nitrogen

maneuver rates. The latter would involve a minor modification

Additional control functions, associated with experiment control.

can be met by modification of the programmer output matrix and

Photographic subsystem modifications, involving deletions of
either the high resolution or medium resolution portion of the
subsystem, offer limited advantage in terms of vclume and weight
available for experiments. The volume accrued is neither required
nor recommended for use in experiment accommodation. The deietion
of the high resolution portion of the subsystem appears io be
attractive on the grounds of weight increment made available tor
alternate experimepts and increased area coverage capsbility
(fourfold). The deletion of the medium resolution portion of

the subsystem does not appear to be justified from either thc

The additional experiment payload capability provided by configur-

ation definitions of Cases I through IV would be 70, 38, 13, and

U3 4288-2000 REV. 1/68

2.2
tank capacity and thruster size or by reduéing spacecraft
of the closed loop electronics only.
provision of additional switching functions.
welght or area coverage increment made available.
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2.2 (Continued)
159 pougds respectively. This capability can be increased by
careful mission profile design, involving propellant off-loading,
up to 25 or 30 pounds without a significant effect on experiment
performénce capability. The total payload capability for Cases I
though IV would thereby be increased to up to 100, 68, 43 and

189 pounds respectively.

A growth potential in excess of the above exists withoﬁt major

spacecraft modification by taking advanfage of the modular con-
struction of the spacecraft and availability of space qualified
.propellant tanks. .This potential, resulting in an increase of

payload capability up to 400 pounds and/or incresse in mission

range capabllity, can be realized contingent on upgrading the

earth boost system to a level predicted for the SLV-3X system.

In summary, it is concluded that the Lunar Orbiter has a signifi-
cant potential as a vehicle for scientific investigation of the
lunar surface and lunar environment in a largely unmodified
version. A potential for an additional capability increment exists

and may be exploited in planetary as well as lunar exploration.

. - 69-]
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3.0 PARAMETRIC FLIXIBILITY STUDIES
This section outlines the general system flixivility and ~on-
straints, and dis~usses the range of subsyster modifications in
relation to their complexity, performance enhancement and ndapt.-
ability to scientific experiments.
In particular; the orhital mecharics of translunar trensit and
lunar orbits, the geometry of providing area coverage under
proper illumination ard altitude conditions, are reviewsd in
order tc establish a baseline for correlation of subsystem(s)
and experiment(s) operational requirements and constrainte:-.
The available flex1b11ity‘cf individual subsyctems is then Adis-
cussed in the abcve context.

2,0 ORBITAL REQUIREMENTS IMPOSED XY EXPERIMENTS
An experimert generally defincs ~ertain orbital requirements in
terms of:
e. Selenodetic location of the ayperimental aresa;
b. Dimensions of the ares of coverage;
c. Solar illumination requirements;
d. Altitude range at which the experiment should be performed.
The effects of these rnquirements on mission profile design =and
the resulting subsystem requirements are discussed in the follcw-
ing subsections.

3.1.1 Location of Area of Interest
The location of the line of nodes, or the intersection of the
lunar approach plane with any constant latitude plane other than

REV LTR _BOEING | VO T2-1.00369-1
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(Continued)

the equatorial plane, is primarily determined by the apyrosach
energy, time of launch and the inclination of the lunar approach
hyperbola. The enarcv at arrival in conjunrtion with +ime of
launch determine the directign from which the vehicle approaches
the moon. Typical vartiation of the longitude of the approach
direction as a function of “rensit time is shown in Figure
3.1...1. The latitude of the approach may vary between the

approximate limits of +15°,

The perilune of the approesch hyperbels is, to a first approxiﬂe-.
tion, at 8 constant central angle from the approach direction,
for a given approech energy, and the inclination of the nppros-h
hyperbola can be arbitrarily controlled either at lsunch or at
the time of midcourse :orrection with a minor delta-velccity
expenditure. As 2 result of the shove the approach geometry is
as shown for an arbitrary case in Figure 3.1.1.2, vhere the lonus
of the possible approech hyperbcla perilune positions it obtained

by a rotation of the given hymerbola about the approarh direction.

Since the minimum delta-velocity expenditure for injection inte
2 Junsr orbit occurs at *he perilune of the spproach hyperbola
vherea thé veloc!ty increment r-quiremen*s are & shcwn in Figure
3.1.1.3, the optimum missisn prefile from the viewpoint of
delta~velocity minimization wonld p7a¢é the 21liptical nrbit
perilune 8t the locus of the approach hyperbola perllunes and
coplanar with the approach hyperbols. This combination is not

generally possible.

T
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3.1.1

(continued)
This definition of the mlegion profiles would, however, result
in the following eeneral features, with respect to target areas

other than targets of onpartanity,

a. The perilune of the elliptical orbit would not g=nerelly
coinnide with the experiment target latituds and, threrefcre,
the exmeriment wnuld be performed at a high=r altitude
than desirable, Thir 1- iTlustratnd in planar pfojeétfon

in Plgure 3.1.,1.%.

b.  Th2 time of arrival at +he target would be completely pre-
determined by the apnroach renretry and the locaticn Af
the expe~imental tercat. The arrivel time would “cllow

the relation:

vhere
T = Time after injectior to reach experiment
loratior

W = Longitude n¥ s t=-pet

Wﬁ = Loneitude ~f ‘ntersestion of *+he Lareet lghityude

plane wi*h ‘r2 gpproach hyparbol-~ nlane.
Wn‘ = Rate of »~tatian ~f the mcon.
.

7rte of pracessiom ~F +the luner orbit.

=

“h> “hove relation 1s §1'v-:tvated in Fioure 2.7.1.5.
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USE FOR TYPEWRITTEN MATERIAL ONLY

(continued)

Additionel Arlta-veln~ity relative to Fipure 2.1.1.3 axpend!-
tureg Aare required to achieve a8 flaxibility of lccation of
periluge at a latitude corresponding to the experimental target
area latitude. Typical additional velocity increment require-
ments associated with this rotation of perilune (line of apsides

rotation) are shown in Figure 3.1.1.6 with the orbital period

as a parameter.

If positive control over the arrival time at the target is
desired, in addition to the capability of controlling the lati-
tude of lunar orbit perilune, it becomes necessary to provide

the capability for an orbit plane chenge at injection., This

mode of operation, is illustrated in Figures 3.1.1.7 and 2.l...8.

Delta-velocity requirements for injection into the final orbitu
are shown in Figure 3.1.1.9 and 3.1.1.10 for launches in June
and December of 1966 for a range of target longitudes of +50°
and target latitules of +10°. This data is included for 1llue-
trative purposes only and is directly applicable only when a
photographic mission in the near equatorial Apollo mission bend
of interest is concerned. The latter is particularly true since
the launch dates include consideration of the photographic sub-
system constraint of solar illumination at perilune of 60° and,
therefore, includes the delta-velocity requirement asscciated
with this constraint. Indirectly, the data of Figures 3.1.1.9
and 3.1.1.10 illustrates the trend in velocity expenditures in-

curred by providing increased operational flexibility relative
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USE FOR TYPEWRITTEN MATERIAL ONLY

APPROACH ELLIPSE GEOMETRY
S-110 TRAJECTORY

FINAL ORBIT

INITIAL ELIPSE

* APPROACH HYPERIOLA’\_'

APPROACH
HYPERBO LA

FIGURE 3.1.1.8
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USE FOR TYPEWRITTEN MATERIAL ONLY

3.1.1

(Continued)

to Figure 3.1.1.3 and the penalty associated with the introduc-
tion of the solar illumination constraint to the conditions of
the experiment. This constraint is not limited to the photo-
graphy experiment. It applies to any experiment which must be
related to sun angle, such as infrared, X-Ray fluorescence or

photometry/colorimetry experiments.

It is also to be noted that the effectiveness of controlling
the time of arrival at the target area, measured as the time
increment gained per degree of plane change, decreases Eh,a

function of orbitel inclination for a fixed latitude target. \Rkﬁ“
\\\\

N

waiting time prior to arrival at a fixed target will therefore, N
generally exist for high inclination orbits. This time can be
usefully exployed to perform experiments in other areas of the

lunar surface and does not necessarily represent idle time.

Generally, when an illumination constraint exists, an expendi-
ture of an additional delta-velocity iacrement of 150-200 meters
per second must be provided in order to insure a reascnable launch

period (number of days per month when launches are possible)

for all targets.

A further penalty may be incurred 1if it is desired to minimize

the probability of impacting the lunar surface because of out ol
tolerance subsystem performance during midcourse. This would require
an initial high altitude aimpoint on initial approach, with a

corresponding decrease in injection efficiency, and a requirement

REV LTR

U3 4288-2000 REV. 1/68

_BQEING | Vo PR-100369-1

'SH. 22




i\

USE FOR TYPEWRITTEN MATERIAL ONLY

3.101

3.1.2

(Continued)
for an orbit transfer velocity increment as shown by the data
of Figures 3.1.1.11, 3.1.1.12, 3.1.1.13 and 3.1.1.14% for final

orbit perilunes of 50, 100, 150 and 200 km respectively.

Solar Illumination Requirement

Surface oriented experiments, such as, photometry/colorimetry,
photography, radiometry, infrared mapping, etc., will be.defigned
to operate within a specified range of gsolar illumination of the
surface. For any.single experiment to be performed near the
perilune, this implies a comstraint on the number of dgys per

month during which the-spacecraft}can be launched. This con-
straint becomes more restrictive as the spacecraft capabilitj

to control the time of arrival at a specific target area is cur-
tailed. In the limiting case, where no capability for rotation of
the line.of nodes after arrival at the moon is provided, the launch
period is coptrollable only by variation in transit time which
results in a limited line of nodes shift (Figure 3.1.1.1). 1If

a fixed illumination angle requirement and a fixed transit time

are assumed, in addition to the assumption of no controllabili <y
of the position of the line of nodes after spacecraft arrival

at the moon, then the launch period is limited to a single time
instant per month. The capability of shifting the line cf ncdes of
the lunar orbit after arrivel at the moon (Waiting time control)
can be exchanged on a one to one basis for an extension of the
launch period (number of possible launch days per month) for‘TheSe

experiments.
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USE FOR TYPEWRITTEN MATERIAL ONLY

3.1.2

(Continued)

Experiments grouped together which have different solar illum-
ination requirements introduce additional mission and experiment
conduct constraints since the lunar orbit is to a first approxi-
mation inertially fixed. With an inertially fixed orbit, the solar
illumination at a given point in orbit remains fixed, and there-
fore, the experiments requiring diiferent illuminations must be
performed at different altitudes depending on the eccentricity

of the lunar orbit and the difference in their illumination
requirements. Additionally, for orbits with an inclination other
than equatorial the latitude zoverage of experiments requiring

di fferent solar illuminations will generally be different; which
would make the correlation of data from a single flight difficult
for such experiments. This effect is illustrated in Figure 3.1.2.
for ean arbitrarily inclined orbit with arbitrary solar jllunins-
tion differences for two experiments. An exception to the above
illustration would exist if the mission were specifically d2signe
to achieve coverage of the same latitude by two experiments with
different solar illumination requirements. This possible mnde or
operation is shown in Figure 3.1.2.1. It is to be noted with
reference to the figure that if the illumination requirenents ~t
the two hypothetical experiments do not differ greatly the orbital
inclination would approach target latitude. As o result the
width of latitude coverage achievable would decrease to Lhat
~overage achievable by e single cross-range scan capability of

the experiment. As the differential of 1lluminstion increases,
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USE FOR TYPEWRITTEN MATERIAL ONLY

3.1.2

(Continued)

a progressively higher differential between the orbit inclination

and target latitude is allowable. In the upper limit, at & 180°

solar illumination differentiel, the inclination of the orbit
can be as high as 90° in the mode of operation illustrated in

Figure 3.1.2.1.

In this case contiguous ares coverage can be achieved by the
experiment(s), taking advantage of the rotation of the moon with
respect to the orbit, provided that the single crossrénge scan
capability of the experiment(s) is equal te or greater than the
distance a point on the lunar surface moved, within a direction
normal to the orbit plane, during a single orbital pass. ‘This

subject is covered in greater detail in Section 3.1.4,

Altitude of Measurement

The altitude requirements of an experiment, in conjunction with
the central angle over which the experiment is to be performed,
introduce a constraint on orbit eccentricity. This constraint

is expressed by the following relation:

R, (R, - 8 E)
1 \Ry - Ry cos 7

°
2R, - R, (1 + cos 5)

B3

Rl - R2 cos

o

which fixes both the orbit period and orbit eccentricity for

given:
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USE FOR TYPEWRITTEN MATERIAL ONLY

3.1.3 (Continued)
R, = Lower limit on experimental altitude (assumed to
define perilune, radius Rl)
R = Upper limit on experimental altitude (assumed to
define the radius H2 at a central angle g from
perilune.)

= Rmoon ! Hmin.

R2 = Rmoon N Hmax’
°] = Central angle over which the experiment is to be

performed.

The above relation is illustrated in Figure 3.1.3.0.

The preceeding relation can be applied, in a modified form, to
orbit design where two separate experiments separated by a given
central angle are to be performed. This may be the case, for
example, when the central angle spacing between two experiments

is due to a required solar illumination angle differential require-
ment. The relationship shown in the preceeding discussion

applies with the modiiication that the terms Rl and R2 should be
interpreted as the mean radii at which the two experiments are

to be performed and g represents the central angle spacing between
the two experiments. In the above usage of the altitude con-
straints of the experiments no degree of freedom exists for con- |

trolling the range of altitudes over which each of the individuai

experiments will vary 1if Rl’ R2 and g are given.
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USE FOR TYPEWRITTEN MATERIAL ONLY

3.1.4

(Continued)

The above process can, of course, be carried out in reverse
(L.e., with a, e, g and Ry given, then R, is completely defined)
if the experiment of radius Rl is given priority and other system
constraints dictate the orbital parameters. The latter will
generally hold if more than two experiments saparated in central

angle from each other are involved.

Area Coverage and Contiguity

The area coverage capability of an orbiting experiment is depend-
ent on the transverse scan capability of the experiment, length of
operation of the experiment during a single orbital pass, orbit

period and target location.

If the experiment requires contiguous area coverage then its
transverse scan capability must be consistent with the displsce-
ment of a given point on the lunar surface during a singie, or
multiple, lunar orbit. This is illustrated in Figure 3.1.4.0,
vhich establishes the equivalents between the rotation of the
surface relative to the orbit and orblt rotaticn relative o
the surface, and shows the relation to the transverse scar

requirement.

Data relating crossrange or transverse displacement betwesn
successive passes to orbital inclination with target latitude

as a parameter are shown in Figures 3.1.4.1 and 3.1.4.2 for
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USE FOR TYPEWRITTEN MATERIAL ONLY

3.1.4

3.2

3.2.1

(Continued)

orbital periods of 3 hours and 4 hours respectively. This data
can be extrapolated linearly to any other orbltal periods and
provides basic orbital information for the design of experiment

scan systems where coverage contiguity is of interest.

The length of operation of the experimentation of a single orbital
pess will be, in addition to constraints resulting from space-
craft subsystem operational requirements to be discussed in sub-
section 3.2.0, dependent on solar illumination band constraints
and altitude constraints discussed in the previous subsections.
The altitude constraint is self-evident on the basis of the
discussion of subsection 3.1.3. The constraint introduced by a
requirement for performing the experiment between given limits

of solar illumination is inclination dependent with respect to
limitation of the arc length over which the experiment is to bte

per formed. This effect is illustrated in Figure 3.1.k.3.

SUBSYSTEM TRADE PARAMETERS

This section »utlines the general Lunar Orbiter subsystem flex-
ibility trad: parameters, growth potentiai and the constraints
generated by these considerations relative to orbital parameterc

and experiment planning.

Velocity Control Subsystem (VCS)

The nominal Block I Lunar Orbiter velocaty control subsystem

capability, in terms of available delta velocity increment, as
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USE FOR TYPEWRITTEN MATERIAL ONLY

3.2.1 (Continued)
a function of spacecraft weight is shown in Figure 3.2.1.0 by

reference to the nominal specific impulse curve of 276 seconds.

The above impulsive velocity increment budget does not include
the requirements for error corrections and finite burn time.
The error correction budget and the velocity increment available

for injection into lunar orbit are as shown below:

VELOCITY CONTRCL BUDGET

Item 38 Value
1. Midcourse Corrections 75 m/sec.
2. Injection Correction 50 m/sec.
3. Isp Decrease to 270 sec. 20 m/sec.
L, RMS Total %2 mfsec.
5 Finite Burn 25 m/sec.
6. Total Preinjection Budget 117 m/sec.

T. Lunar Orbit Injection and Transfer 863 m/sec.

8. Total available 980 m/sec.

The allocation of 863 m/sec. for lunar orbit injection constitute:
a sufficient provision for injection into a circular low altitude
lunar orbit as can be seen by reference to Figure 3.1.1.3. This
capability is based on the simplifying assumption that no experi-
ment constraints; such as solar illumination, target position,
etc., need to be considered and that operational launch con-

straints don't introduce additional velocity requirements. A
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3.2.1

(Continued)
more realistic assessment, including the above factors, will be

shown subsequently relative to ~onsideration of elliptical orbits.

If the spacecraft weight is increased to 920 lbs., as indicated
in Case 1 of the L-5382 Statement of Work, then the above budget-
ing does not allow for injection into circular orbits at altitudes
ot less than approximately TOO km altitudes as shown in Figure
3.1.1.3. In this case the velocity subsystem, assuming nc modi-
fication, introduces a constraint of using elliptical orbits if

a low experiment alvitude is desired.

An increase in velocity control aibsystem performance, if desired,
is available by the modifications described in succeeding para-

graphs.

Spacecraft on-bouard propulsive capability is a function of the
rocket engine's specific impulse snd the amount of useable pro-
pellant available. The velocity increment capability of a space-

craft is defined by:

vwhere
Isp = gpecific impulse, seconds
W, = spacecral't inert weight (including unusesble

propellant), lbs.

Wp = useable propellant, lbs.
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3.1.2

(Continued)
Thus the spacecraft perfommance wmay be improved by increasing
specific impulse, increasing the amount of useable propellant,

and/or reducing the spacecraft inert weight.

The following paragraphs discuss the specific impulse improvement
potentials, and also propulsion system improvements in terms of

useable propellant and spacecraft inert weight.

The Marquardt MA-109 rocket engine hes been designed and developed
for the Apollo program; specifically, for the Service Médule and
LEM attitude control systems. The MA-109 engine configuration

was tailored to the Aﬁollo program requirements so that it has a
lower delivered specific impulse than other contemporary engines.
The lower performance results from the fact that a pre-igniter
chamber is included to minimize over-pressure transients at
ignition. The presence of this "foreign body" in the combustion ,
chember, and its film coolant requirements, account for the re-

duced performance. The ignition transient may also be elimineted

by sequencing the propellant valves such that there is a fuel lesd

into the engine. This approach is inefficient for engine operated

predominently in short pulses such as it is in the Apollo mission;

hence, the pre-igniter chamber was incorporated.

The Lunar Orbiter mission does not require pulse-mode Hparetion
of the engine, and it is entirely feasible to utilize the "fuel
lead" configuration and realize a significant increase in specific
impulse. This modification would require & qualifization test

prograi.
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3.2.1 (Continued)
Engine performance may also be increased (but by a lesser amount )
by operating at a different mixture ratio, and/or by increasing
the nozzle expansion ratioc. The table below summarizes potentiel
engine performmance improvements resulting from configuration and
operating poiﬂt changes.
POTENTIAL ENGINE PERFORMANCE IMPROVEMENT
Specific Impulse, Sec.
Configuration Nominal Minimum

1. Present Design 276 270

2. Shitt Mixture Ratio to 1.95 278 272

3. Increase Expension Ratioc to 60:1 280 274

4,  Combine Items 2 and 3 282 276

5. Fuel-Lead Configurstion (alone) 204 288

6. Combine Items 5 and 2 296 290

7. Combine Items 5 and 3 298 29

8. Combine Items 4, 2 2nl 3 300 29k
It must be emphasized that any o!f the above changes would raquire
an engine requalllication program.
Spacecraft performance may alsc be improved by decreasing the
inert weight and/or increasing the quantity of useable propellant.
The present VCS design pointis such that the capacity of the fuel
tankage is not utilize to maximum capacity. The utilizetion ol
maximum propellant tank capacity is equivalent to operating at @
mixture ratio ol 1.95. Figure 3.2.1.1 shows the effect or
engine mixture rstio on spacecraft velocity increment capability.
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j.ell

(Continued)

Observe that lus an iniciui spacecralt walsht ~f fen oy
shiftine the miviace watia fram 2 00 +0~ 1 ,Q7 i1 onpnes tha
vp'vf,,-'.-g_‘»:, ""“'h'.'§","' Ty Voo A 7’/"""‘V’.d. a 17 ttle hattaw g
1", At even lower mixture ratioz, engine perfomuance will ~on-
tinue to in~rease, bhut the oxidizer tanks are no longer being

utilized to maximum capavity. The resulting degradation in

spacecraft perfomance is indi:ated by the dashed lines.

Figure 3.2.1.1 also presents two influence coefficinets: these
values indicate that, in terms of resultant spacecraft perf{orm-
ance, a unit reduction of spa:enraft inert weight is over twice
as effective as & unit increase in either specific impulse or

propellant.

To achieve & significant increase in the quantity of usenblo
propellant requires the installation of larger tankage. By
combining various apcllo-program positive expulsion tankag

the quantity of useable propellant may be increased to as muh
25 H00 lbs. These tank data, and pertor~unce capability in
terms ot specific impulse, usecble prorellant, and spacecraft

initial weight, are presented in ¥Figure 3.2.1.2.

The potential spacecraft perfourmance, resulting from a retro-
fit program Tor the fuel :nd c.ldizer tanks represents a growth
potential contingent on in-reased performance of the translunsr

boost vehicle as can be seen by reference to Figure 3.2.1.0.
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3.2.1

(Continued)
The increase in boost cupubility potential wculd have to be sipni-
ficant enough to abscrb the in-rease in inec! weight and propellant

and at the sane time provids additicaal perfor-ance.

A case in poinl is the potential increase of translunar weight
rapability to 720 lbe. as speci ied by the L-9332 Statement of
Work under Case 1, (Present photog-aphic cupability retained).

In this case e next increment in flight qualified tanks would
resul: in the ~ddition o 7.5 1bs. of lnert weight. An addiiion
ot approximately !5 lbs. of propellant (by retference to Figures
3.2.1.3, 3.2.1.4, and 3.2.1.5) would raise the perfornance leve!
of the velor 'ty control suusystem to a point equivalent to the
pertormance achievable with = spacecraft weight of 860 lbs. with-
out tankapge retrofitting. The resulting experimental payload
would be decreased irom the potential value of 60 lbs. (I20-85C)
to 37.5 lbs. with an additional de:rease, not accounted tor heve,

due to increased structiure weight.

On the basis of the above examples and the trends shown in
Figures 3.2.1.3 through 3.2.1.7 it eppears that tankage retro-
fitting would be justified only if major performance improvements
in terms ot velcuity increment and/or experiment welight cerrying
capability were desired. For example, a translunar payload
capability of 1370 lbs. (approximately the vapability of the
Atlas/Agena GLV-3X) in cenjunction with the propellant capacirty

increase to 600 lbs. and specific impulse of 290 seconds could
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3.2.1

(Continued)

result in an increase in uvailable velocity increment to 1680
m/sec. and an additional payload capability of 90 1lbs. for a
total of 250 1lbs. payload. Alternately this capability could
be converted to carrying a total payload of experiments of
approximately 40O lbs. with a propeilant capacity of 400 1lbs.
and the same velocity subsystem performance .apabllity as the

present system.

Engine perfom ance improvement to a specific impulse of 290
seconds minimum would provide velocity increment perfcrmance
capability for the 920 pound spacecraft equivalent to that of
the current minimm specific impulse and an 860 :b. spacecraft.
Similarly, the specific impulse improvement .. convertible to
roughly 15 1lbs. additional payload for the 860 1b. spacecraft

by tfuel off loading.

In addition to the growth potential of the velocity control
subsystem, described in the preceeding paragraphs, a significant
capability for experiment payload exists if intermittent experi-
ment operation is acceptable. As mentloned in subsection 3.1
intermittent experiment operation may be a requirement imposed
by the experiment itself (as is the case of illumination con-
straints). Additionally, other subsystem -onstraints, tc¢ be
discussed in subsequent paragraphs, make intermittent operaticn

of experiments highly desirable.
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3.2.1

(Continued)

If intermittent experiment operation is accepted as the mode of
operation then a circular orbit does not offer any specific
advantages over an elliptical orbit unless multiple experiments
need to be performed from nearly the séme altitude at different

points of a lunar orbit. The latter case can be handled by

assignment of experiment priority, with lower priority experiments

performed at a non-optimal altitude, using elliptical orbits as

discussed in subsection 3.1.3.

The advantage accrued from the acceptance of elliptical orbits
is evident, to a first approximation, from Figure 3.1.1.3. The

data shown in Figure 3.1.1.3 indicates, for example, that a

-differential of 295 m/secz. in velocity requirements exists be-

tween & circular orbit @t 50 ¥m and an elliptical orbit with un
apolune of 3000 km, and ®» perilune of 50 km, at which a given
experiment could be performed. This velocity increment differ-

ential is convertible into a potential propellant off lcading

of T2 lbs. The propellant weight decrease is, in turn converti-

ble on a one to one basis to an additional experimental payload

capacity of 72 1bs.

The above superficially available capacity has to be decreased
because a budget of up to 200 m/sec. has to be allowed for the
control of position of the perilune of the elliptical orbit,

orbit adjustment and provision of an adequate launch period ¢

constraints such as solar illumination of the surfa'e at
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3.2.1 (Continued)
perilune are included. The above consideration reduces the
propellant off-loading capability, convertible to experimental

payload capability, to 21 lbs. for the 860 pound spacecraft.

The capability for converting propellant weight into useful
experimental payloads will range between the limits of T2 lbs.

to 21 lbs., for the above change from the circuiar orbit concept
to elliptical orbit concept and will largely depena.bh"exge§i~i\\
ment operational constraints. Definitive data relating to the "ﬁ\‘
conversion of propellant capacity into experimental payload,

can be generated only when experimental constraints and corres-
ponding mission parameters are defined. This type of data is
shown in Section 4.0. The approximate operational limits of

the velocity control subsystem with respect to orbit parameters
are shown in Figura 3.2.1.6 for the cases of the previously dis-
cussed nominal fuel budget and an adjusted budget including er
allowvance for operational constraints of 200 m/sec. respectively.
A choice of feasible orbits, using the ground rules of the fijure,

can be translated into potential payload capability by either

interpolation in Figures 3.2.1.3, 3.2.1.4 and 3.2.1.5, or the

relation
Wo= 26h-w (1-eBY )
o gl
P
vhere
W = Potentisl payload increment
wo = Initial spacecraft weight
REV LTR _SOEING |\ DR2-100369-1
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3.2.1

(Continued)
AV - Velocity increment required (Figure 3.2.1.6)
g o~ 9.8 m/sec.2

Isp Specitic impulse

It is to be noted that Figure 3.2.1.6 is bused on an essumed

final orbit perilune altitude of SO km.

On the basis of the preceding analysis it is concluded that a
significant experimental payload capability can be secured with
proper mission design and no velocity subsystem modifi:ations.

A growth potentisl exists by upgrading engine performance and/or
increasing tanksge capacity (contingent on booster upgrading)

to achieve zgreatly increased payload capability. The above
capabilities in-lude the potentiai for injection into circular
orbits at low ru titude which may e utilized in missions not
requiring hish ele ‘trical power consumption (see Gection :,2.4)

and sufficlent power capability for active thermal contrcl
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3.2.2 ATTITUDE CONTROL SUBSYSTEM
Possible attitude control subsystem modifications which must
be considered in relation to the scientific experiments fall

into the following four categories:

1. Provide capability for continuous orientation of the
spacecraft to local vertical in order to perform ground
oriented experiments continuously or over long arcs of

an orbit.

2. Provide capability for spin stabilization in order to
provide vectorial velocity resolution with fewer sensor

elements in the experiment.

3. Proviae aaditionsd abiliude waheuver Capauillty ftor

experiment orientation and stsbilization.

4. Provide spacecraft stabilization with long boom configurations.

The above modifications, with the possible exception of providing
additional attitude control gas capability and resolving the

problems associated with boom configurations have to be examined
with respect to overall system design and performance characteristics
as well as their compatibility with respect to configurations in-

volving multiple experiments with differing operational requirements.

The following paragraphs outline the possible modifications and
their impact on system and subsystems performance and experiment

compatibility.
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3.2.2.1

local Vertical Over Limited Arc

The capability of precessing to local vertical can be provided to

an approximation over a limited range angle for elliptical orbits

or a continuous orbital pass for circular orbits, by an addition

of a precision current generator to the closed loop electronics

of the flight electronics control assembly. This would provide
precession torquing to a preselected gyro, causing the gyro to
precess at a fixed rate and the spacecraft to stebilize at the

same rate. The wiring provisions for this mode of operation exist

at test points in the programmer. An addition of switching capability
would be required, in addition to the power supply, if the capability
of precessing in either one of the three spacecraft axes is to be
provided. Since this precess mode would provide a capability of
only one axis at a time it would be necessary to initially maneuver
the spacecraft so that the axis around which precession is to take
place is normal to the orbital plane. For example, if the roll

axis of the spacecraft is chosen as the precession axis, which

would be applicable in the case of a polar orbit, the operation

mode geometry for a circular orbit would be as shown in Figure
3.2.2.1. Consumption of cold gas for this mode of opereation should
not differ greatly from cold gas requirements for a normal camera

maneuver.
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3.2.2.2 Local Vertical for Complete Orbit

It should be noted, by reference to Figure 3.2.2.1, that the
provision for a continuous precession of the experiment axis
to local vertical during the entire lunar orbit results in the
following:
1. 'The Canopus sensor reference axis rotates with respect
to inertial space and therefore, inertial reference in
this axis would be lost unless extensive gimbaliing,

vhich would probably require boom mounting, is provided.

ro

The solar reference axes would be lost under all conditions,
except when the solar ray incidence is normal to the orbit
plane, unless multiple switchable sensors or boom mounted
gimballed sensors are provided. This is due msinly to

the approximately one degree/day precession of the sun

with respect to the orbit (Earth's revolution around the
Sun) and secondarily due to orbit precession in inertial

space.

3. The loss of inertial reference would imply a requirement
for feedback by luner reference sensing, such as a horizon scenner,
which would require a sensor development in addition to attitude
control subsystem modifications. This would be particularly
true for missions of longer duration because of gyro reference
drift and generally true for elliptic orbits because of the
requirement of torquing at a variable rate due to a varying
rate of spacecraft revolution relative to the lunar center

of gravity.
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3.2.2.2

(continued)

L. Solar panel power output would decresse from its meximum
value, at the time of normal solar ray incidence relative
to the orbit plane, to approximately P cos (.017 T) where
T is the experiment termination time in days, and P maximum
pover output, unless panel gimballing is provided. For
example, without gimballing, at the end of a 30 day
mapping miseion with the spacecraft continuously operating
in the roll precess mode the power cutput would decrease to
less than 75% of the maximum output due to geometry of the
prdblééialone.’ Compensation for this effect would require
either an increased panel area, if the mission is of relatively
short duration like 30 days, or a complex panel gimbelling

arrangement if the mission would be of long duration.

2. The semi-omni antenna coverage nulls would periodically be
directed toward the Earth, in the course of the continuous
precession, with the exception of the time when the Earth-Moon
line is normal or near normal to the orbit plane (perhaps 10-12
days/nonth). Telemetry data transmission, and perhaps command
transmission, would be blocked due to this effect intermittently
unless gimballing were to be provided to compensate for the

limited coverage under these conditions.
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3.2.2.2 (continued)

6. The directional high gain antenna would require an
additional gimbal axis for reasons identical to these
outlined in the case of the semi-omni. The requirements
for gimballing precision in this case would be more

stringent since high directivity is required.

A similar situation exists in the case of continuous precession

to local vertical relative to the pitch eaxis. This would be
applicable, for example, in the case cf an equatorial orbit as

illustrated in Figure 3.2.2.2.. In this case, making the simpi::y;ng

S

assumption that the lunar equatorial plane 1s coincident with the ™.
ecliptic plane, no problems relative tc the communication subsystem
exist. However, the problem with inertisl]l reference and power output
of the solar panels is aggravated. In particular, the solar power
output varies cyclically, over a single orbital pass, between the
maximum and zero even disregarding spacecraft occultation by the
moon. Panel gimballing would appear to be the only possible

solution to the powver output problem in this mode of operation.
Inertial reference would have to be replaced by a horizon scanner

for reasons identical to those discussed previously.

‘Orbits with inclination other than polar or equatorial would
present a combination of the problem extremes discussed in

these cases.
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3.2.2.3 Spin Stabilization

The case of spin stabllization of the spacecraft presents
essentially the same probleme as those discussed in connection
with torquing to local vertical as well as several additional

problems. The additional problems are as follows:

1. No stable reference for the communication, attitude

control and surface directed experiments would exist.

2. Solar panel power output would degrade unless the spin

stabilization axis is coincident with sun-moon line.

3. Attitude control subsystem maneuver gas budget prior to
velocity maneuvers and pre-experiment maneuvers, if necessary,

would have to be increased due to increased spacecraft stiffness.

4., Surface related experiments, such as photography or any other
range sensitive experiments and/or experiments requiring smear

campensation, are not compatible with a spinning spacecraft.

5. Mechanical and structural problems would be associated with

spin rates sufficient to stabilize the spacecraft.

A possible minimum modificetion approach which would partially
resolve the above problems would be to take advantage of the
available spacecraft capability of slewing, by command, at a rate
of 0.5°/sec. in any one of the spacecraft axes. This capability,
if used intermittently, could probably provide vector resolution
capability with fewer sensors and also provide the capability for

scanning the surface in those ground related experiments which

REV LTR _SOEING | N e-100369-1

U3 4288-2000 REV. 1/65 [;H. 6k




i

It

L2

eI " oo A ae

USE FOR TYPEWRITTEN MATERIAL ONLY

UL LA LK T/ I

i

3.2.2.3 (continued)

do not require precision and do not have scanning

capability. Continuous slewing should be avoided on

the grounds discussed in the preceeding paregraphs. An
evaluation of this mode of operation is given in the following

subsection.

In order to accommodate some experiments, it may be desirable

at some time during the extended mission to rotate the vehicle
at a constant rate of + 5°/sec. A fuel consumption rate was cal-
culated for this condition using the present vehicle inertias
and was found to be .109 or .116 lbs./day depending upon which
parts of the sun sensor Are in use for a nonspinning vehicle.
This compares to a nonspinning value of .012 pounds per day for
the present inertia vehicle. Thus the vehicle could be spun up
for several days, but not for extensive periods of time without

depleting the N, gas supply.

A spinning body is stable only when it is spinning about a
principal axis of meximum inertia. If it ias spinning about an
exis of non-maximum inertia, the momentum will transfer to other
axes until it is epinning about its exis of maximum inertia. 1In
the Lunar Orbiter the vehicle would be spun up ebout the sun line-
of-sight or the X-axis. This is the axis of minimum inertia and
in addition it is not a principal axis. Thus the vehicle is
unstable and will try to transfer momentum to its axis of maximum
inertia. If Buler's equations are solved under the constraint of

a constant .59/sec. roll rate, the same result is obtained analytically
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3.2.2.3 (continued)
i.e., the pitch and yaw rates show exponential increase.
Although the vehicle is unstable under the above conditions, the
reaction jets have more than enough torque to control the vehicle.
Therefore, the control system will have to expend fuel to nullify
these inertial coupling torques. These torques are a major factor
in extended mission fuel budget and are easily evaluated from

Euler's equations. For the pitch and yaw axes they are:

Te = 1po® Ixzl

T W = lp02 Ixyl

Where po = roll rete in radians/sec.

Ixy, Ixz = inertias products in slug - £t.9

Evaluating: po? = .25°2/6° = 7.62 x 10°% rad?/s®
Ixy = 1l.22
Ixz = 2.34

-6

Tg = 178 x 107° ft. 1lb. For the standard IO

£ configuration, see
T = 93 x 107” ft. 1b. Weight Report of
L 4 May 1, 1965

The roll torque is harder to evaluate, but it can be done under
several sssumptions. If the pitch and yaw torques pin the space-
craft to one switching line, it will operate about that switcning
iine in a one-pulse limit cycle. The pitch and yaw rates can tneu

be approximated by:

q, r = (.0025) sinCut®/s
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3.2.2.3 (continued)

The roll torque from Euler's equation is then represented by:

T¢ = -pq or pr (Ixy - Ixz) sin wt

or
T¢ = "1!27 Bin vt ftc -lbO

Expressing '1‘4 es a mean value, T, = .81}{, f£t.-1b.

For a complete characterization of torques seen by the vehicle,

solar pressure torques and gravity gredient torques must be

added to the torques derived above. Solar pressure torque is

invariant under a rotation sbout the sun line. Unfortunately

the gravity gradient torque is a function of vehicle roll angle.

In order to calculate the gravity gradient torque, a computer

program that included the effect of a constantly varying roll

Tate was written. The average value of the torque is dependent

on the initial conditions, but will vary about the value calculated

for the single set of initial conditions.. The celculated average

torques are:
T§

Tg = 3.2 ft.-lb.

106 ft.-lb.

Ty = 1.2 £t.-1b.
The solar pressure torques are.;
T¢ = .23 ft-l'b
Tg = Lo £t.-1b.
T\r = 5.9 ft.-1b.
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3.2.2.3 (continued)

WFpap = 00k 1b./day

The AQG and A \r for the coest mode is .139/second. This

results in a fuel usage rate of:

WFRac = .011 1v/day

The total fuel usage rates are:
WFre = .116 1b./day, coast mode
WFpg =  .109 1b./dey, extended mission mode

On the basis of the above analysis it is concluded that:
1. The vehicle can be rotated at a .5%/sec. rate, but this

increases the fuel consumption rate by a factor of 10.

.2+ Because of the large increase in fuel usage rate, the
vehicle cannot be spun up for extended periods of time

without exhausting the nitrogen supply.

3.2.2.4 Control Gas Increase

Attitude control gas budgeting is a function of detailed mission
planning, including consideration of maneuver and stabi;ization
requiremente. Sample mission plans will be discussed, in connection
with specific configurations, in Section 4.0. General preliminary -
design trade data is summarized in the following paragraphs where
the performance numbers are strictly applicable to the current
spacecraft configuration. The trade factors are summarized by

the relations shown below, as related to Figure 3.2.2.3 and typieal

REV LTR _B@ENE | 210031
69

U3 4288-2000 REV. /68 SH.

K}



————- - ~

~T

MY A

- i m(\o - a0 -t
- ) N3NN8
~ \ 25/ 3T LY CRS ol O 2 31704 aN3
/ ..\\.\ Um a.\w. O\l MJ |r gl M,W..W\l IU\P—& X
s ~ 23/.9520° 2nTE 37 5¢° O P ¢ MV A .
P - _ N3N3
= " e R L S 108 avas
~. 22/ Lo3C" LIt 31 56° 51tE2T HOild

NOILVYH3T322V] TWEWNIS 01 D O[NOIY NIV WHY 33A3T| 33304 13r

VWU ANODYOLOIA LSNHHIL TTOAULINO D) NOILDOV3 Y

-

ST
T T e

~ T

VILE3INI

X
\\\
>

3.2.2.3.

D2-100369-1

REV LTR

m{ wo.

U2 4200-3000 REV, ¢/64




USE FOR TYPEWRITTEN MATERIAL ONLY

3.2.2.4

(continued)

maneuver expenditures

configuration.
1. Maneuver

Weuel maneuver
% A .
kg Ad

are tabulated for the basic L. 0.

. _af2

x_Thrust (for empty vehicle)

= ,006 1b, per degree per second x

= .007 1b. per degree per second x

.O1l4 1b. per degree per second x

o
e
&t

‘% 7.__’3'.
e
S

. ]
Ao Ay ¢Ajy LB N,

Close Deadband .70 .68 .58 .017
Maneuver 1.32 or 1.36 1.5 .008 or/.01 or /.022
Reverse Maneuver 1.32 or 1.36 1.5 .008 or/.0l or/.022
Open Deadband 0 o} 0 0 0 0
Typical maneuvers are:
(8) Close Deadbend end Roll .039 1v.

Reverse Roll " .022 1b.

maneuve

(b) Close DNeadband end Pitch (or Yaw) .027 1v.

Reverse Pitch (or Yaw) .01 1b.

Pitch Total .037 1b./piteh

maneuver

(c) Close Deadband and Roll and Pitch .0k 1v.

Reverse Pitch and Roll .032 1b.

2-Axis Maneuver Total L0381 1b.
(d) Close Deadband and Roll and Pitch and Yaw 057 1b.

Reverse Yaw and Pitch and Roll .0lO 1b.

3-Axis Maneuver Total 097 1b.

(continued)
DR2-100369-1
REV LTR _BOEING |

U3 4288-2000 REV. 1/68

low, T



USE FOR TYPEWRITTEN MATERIAL ONLY

3.2.2.4 (continued)

(e) Close Deadband and Pitch -027 1b.
Successive Pitch Maneuvers .008 1b.

Re-acquire Sun (1.1° ) .oo% 1b.
042 1b,
2. Cosst
During coast periods the N2 propellant requirements are
the sum of limit cycle, disturbance, and reacquisition

of celestial source propellants. For Block I, N, use

rates are:
+ .2° Limit Cycle Coast _ .07 1lb/day
Reacquisition + .2 .022 1b/dmy
Disturbance .1F 1b. N, .005 1lb/dey
27 days .097 1b/day
+ 2.0° Limit Cycle .0074 1b/day
Reacquisition .0245 1b/day
Disturbance .005 1b/da
.0367 1v/day

Extended Mission Coast
k.02 1b/335 days .012 1b/day

Since the above data does not include contingency allowances
for changed moment of inertia, cross coupling and flexibility
of long booms a conservative budget, including a factor of 2
safety margin, should be used in preliminary estimates. This

is summarized in the following tabulation:

Roll maneuver .12 1lbs. of Np
Pitch or Yaw maneuver .03 lbs. of N,
Roll and Pitch 16 1bs. of N,
Roll, Pitch and Yaw +20 1bs. of N,
Holding + 2 Limit Cycle .20 1bs. of N,

The extended life nitrogen gas capability of 4.02 lbs. (335 days)
can be exchanged fdr maneuver capability at a rate of decrease

of extended life of 84.4 days/1b. If added nitrogen gas tankage

REV LTR _BOEING | o R-10%9-1
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3.2.2.4 (continued)
is required then tankage weight can be estimated at 1.6

times the added gas requirements.

3.2.3 POWER SUBSYSTEM
The current design power subsystem performance capability
is sumarized for night and day operation in Figures 3.2.3.1
and 3.2.3.2 respectively. The performance data of Figure
3.2.3.2 relates to the capability of solar power at the end
of the 30 day mission. Since this data includes a degradation
factor, which is a function of flight time, the suppléﬁentary-
Figure 3.2.3.3 has to be used to establish day time performance

at any time prior to t_he 30th day.

The availability of power for performing experiments during the

time when the spacecraft is occulted by the moon (nighttime) is

subject to the constraint that the reliability of the battery
subsystem is adversely affected by continual excessive depth ) L
of discharge. As far as possible, the recommended depth of

discharge should not exceed 40% in lunar orbit. %

Under the 40% battery depths of dischaerge constraint and for

the fixed subsystem load of 100 watts, excluding the photographic ._ g
experiment, it can be seen from Figure 3.2.3.1 that the maximum
time in the dark cannot exceed 1.1 hours for the 12 ampere hour
battery of the Block I Lunar Orbiter. Additional experiment

power requirements could be accommodated by this battery subsystem

REV LTR _BGEING | "o DR-100369-1
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3.2.3

(continued)
by either holding the capacity discharge to 110 watt hours
(reducing the orbit dark time) or by increasing the risk

factor (accepting higher depth of discharge).

The reduction of orbit dark time can be achieved by an increase

in orbital inclination end/or variation of illumination at

initial perilune. Sample orbital data relating the above

factors to the fraction of time the spacecraft remeins under

solar illumination is given in Figures 3.2.3.h through 3.2.3.8
which include a variation of orbital apolune, pericd and 1at1tudé
of perilune. The data shown in the Figures iudicates a prefereunce
for high illumination engles at perilune, from the viewpoint of
the power subsystem. Since the illumination at perilune is
generally a requirement of a surface experiment it cannot be

used as a parameter for controlling the fraction of orbit time

the spacecraft is under solar illumination. Control of the frection
of orbit time in the dark can, however, be achieved by controlling
orbital inclination. This mode of control ( i.e. increased orbital
inclination) introcduces a demand on the experiment field of view
or transverse scanning capability, if continuous coverege of

large areas is desired (see Figure 3.1.h.1 and 3.1.4.2).
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3.2.3

(continued)

The effectiveness of controlling'"night" time by inclination
variation can be shown by cross-referencing Figures 3.2.3.4
and 3.2.3.1 for two assumed inclinations of, say, 20° and’35°
and a given 60° illumination at perilune. 'The corresponding
light fractions from Figure 3.2.3.4 are .77 and .85 ylelding
.875 hrs. and .55 hrs. of night time respectively for the given
period of 3.71 hours. The available power for experiments
corresponding to these cases is, by reference to Figure 3.2.3.1

LO% discharge curve, 26 watts and 100 watts respectively.

The alternative to the above would be to provide additional

battery capacity which would involve development ana qualirication
testing as well as additional spacecraft inert weight. The
capability of a 20 amp. hour hattery, involving an inert weight
penalty of approximately 20 lbs., is shown in Figure 3.2.3.1.

This modification does not provide a significantly greater capability
than that attainable with moderate increases in orbital inclinetion
inasmuch as nighttime operation of experiments is concerned.
However, increased battery capacity is of significant iumportance
relative to the capability of spacecraft to approach low

altitude circular lunar orbits. This arises due to the constraint
that battery charge rates should be held below l/h of the bLattery

capacity to prevent cell pressure build-up &nd degradation.
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3.2.3

(continued)

The above constraint can be summarized in terms of the
relation of the light to dark ratio of the orbit to night
time load for a given maximu:?éharge rate constraint. This
is sumarized in Figure 3.2.3.9 with the charge rate as a
parameter. Minimum battery capacity for a given light to
dark ratio and a given nighttime load can be obtained from

the figure using the relation:

Min. Capacity = U x Min. Charge Rate

For example, a near zero altitude circular orbit would have a
light to dark ratio of approximately one. Assuming a nighttime
load of 150 watts the min. requirea charge rate would be 9 amps.
and the corresponding battery capacity would have to be 3 amps.

hrs.

Conversely, given a 2.7 amp. charge rate, corresponding to a 12
amp. hr. battery , and near zero altitude circular orblt, the
maximum nighttime power load would have to be limited to 40 wati..
On the basis of the above observations with respect to Figure
3.2.3.9 and the consideration that power output during nigrttime
will generally run in excees of 140 watts, when experiment,
thermal control and data recording requirements are includcd,

it is self-evident that with the existing battery subsysten

a minimum light to dark ratio of approximately 3.2/1 would have
to be achieved by proper orbit design. Capability for sustaining

the above power load in a low altitude circular orbit could be
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3.2.3

(continued)

achieved by retrofitting the spacecraft with four parallel

12 emp. hr. batterles, at a cost of an additional 90 1lbs. of
battery weight, or an approximately 45 amp. hr. battery at a
somevwhat lesser cost in inert weight but involving development.
The possibility of a drastic reduction in power load is question-
able since a fixed load of 100 watts exists during the dark time
regardless of experiment requirements. The daylight power loads
would also become adversely affected by a decrease of the light
to dark ratio. For the 1:1 light to dark ratio, a requirement
would exist for an approximately 12 ampere charge rate which
could not be supported with the current output of the sOlar
panels, as can be seen by reference to Figures 3.2.3.2 and
3.2.3.3, when the other power rcquirements sre taken into

consideration.

In order to support the above charge rate in conjunction with
the video transmission mode, in those configurations including
the photographic subsystem, an increase in panel area and welzut
to roughly 97 £t< and 100 lbs. respectively would be required.
In the absence of the photographic subsystem the above area can
be reduced approximately to 35 £4° and 87 1bs. if a requirement
for the high gain communications subsystem exists and to N ft{
and 79 1lbs. if no requirement for the high gsin conmunication

subsystem exists.
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3.2.3

(continued)

Furthermore, due to the decrease in power output resulting

from a rise in solar temperature at the time when their backs

are exposed to surface reflected radiation (Figure 3.2.3.1) an
impairment of capability of transmitting video data, in the
configurations including the photographic experiment, would

occur in the case of low altitude circular orbits. This would
effectively limit the transmission capability to half e freme/orbit
and result in transmission times of up to 33 days, compared to the
current 9.5 days, for the total possible mumber of photographic

frames.

On the basis of the above considerations it sppears that low
circular orbits are not advisable from the power subsystem

point of view.

The preceeding conclusion reinforces the conclusion reached in
conjunction with consideration of the trades available relative

to velocity controi subsystem in section 3.2.1 that in the

interest of minimization of system modifications and maximization

of experimental payload capability lunar ortits of high eccentricity

are preferable.

Power subsystem output will be reduced during "daytime” operation
due to the misalignment of the normal to solar panel plane with the
solar illumination axis in the course of alignment of the spacecraft

to the attitude appropriate to the experiment. Assuming that
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3.2.3 (continued)
spacecraft realignment into the plane of the orbit and to
local vertical is required by the experiment, the solar
power output decrease can be estimmted as being proportionsi
to the cosine of the misalignment angle. The misalignment
angle as a function of orbital inclination and with the
illumination at the subspacecraft point on the lunar surface
is shown in Figure 3.2.3.10 for a sample case of the spacecraft '
at the equator. The same relation holds with respect to heat

input to the equipment mounting deck.

The foregoing discussion does not take into account eclipses.
Data on lunar eclipses in the 1965-1970 time period are in

Table 3.2.3-1. Additional storage battery capacity or other
means of storing heat energy may be required if high probebility

of operation through the eclipses is an experimental requirement.
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TABLE 3.2.3-

1

LUNAR ECLIPSES 1965 - 1970

Duration
Time from ~ Time from
Date Type Entering Penumbra  Bntering Umbra Total
to Exiting to Exiting Eclipse Time
Dec. 8, 1965 Penumbral 4 hr 4.8 min 0 2
May U4, 1966 Penumbral 4 hr 10.1 min 0 2

Oct. 29, 1966 Penumbral

April 2k, 1967 Total
Oct. 18, 1967 Total

April 13, 1968 Total
Oct. 6, 1968 Total

April 2, 1969 Penumbral
(Estimated)

L hr 38.2 min

S hr 16.3 min

6 hr 10.7 min

Not Available
Not Available

Not Available

Q

3 hr 23.5 min
(3 ar 3% min)

3 ar 39.5 min
(3 hr 20 min)

(3 br 2o win)

(3 hr 28 min)

August 27,1969 Penumbral Not Availsble 0
(Estimated)

February 21, Partial Not Available (52 min)

1970

August 17, Partial Not Available 2 nr 0 min)

1970

Reference: "Astronomical Phenomena 1965, 19o6, lau7"

"Canon of Eclipses" 1887 (for data in parentheses)
MO D ..1(\,)3(‘)9—]_
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3020h

PROGRAMMER

The spacecraft programmer capacity is sufficient to accommodate addi-
tional control functions with a perbaps increased frequency of command
reprogramming requirements. The modification to the prbgrmer canmot
be determined until after a detailed analysis of the mumber and typ?
of functions to be controlled. In general terms it can be stated only
that, with the possible exception of the case when the photographic |
subsystem is deleted, additional output switching and an associated
mtmf ntrix modification would be required. In any case viring

modifications will be required.

COMMURICATIONS SUBSYSTEM

L A

3.2.5
The Bloek I lubar Orbiter Comminication system is designed to operate
in three modulation modes (See Volume II, D2-100369-2)
Mode 1 - PN ranging and/or telemetry
Mode 2 - Video and telemetry
Mode 3 - Telemetry
Each of these modes comprise different input signals, data ratesz,
bandwidths, and output antenna and power configurations.
Mode 1 : Ranging and/or telemetry
Telemetry data rate - 50 bps
Telemetry subcarrier frequency - 30 Ke
PN Ranging data rate ~ 500 Kbps
Ranging subcarrier - None, FK code directly
modulated on carrier
Transmitted bandwidth - 3-1/3 Mc
Output power and antenna - 40O mw and owmni-antenna
REV LTR _BOEING |\ D2-190365-1
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3.2.5 (Contimed)
Mode 2 : Video and telemetry

Telemetry data rate - 50 bps
Telemetry subcarrier frequency - 30 Ke
Video bandwidth - 230 Ke

310 Ke (vestigal sideband))
3-1/3 Me
10 watts (TWTA)

Video subcarrier frequency

Transmitted bandwidth

Output power
Antenna

23.5 adb high gain

\\

\“\
The wide bandwidth of the video signal requires the use of the \"\er

(traveling wave tube emplifier) and high gain antenna for this mods.
R

Although the data rate of the ranging system is even larger (500 Kc N;\

230 Ke), the effective bandwidth of the ranging signal is only a few

cycles as correlation detection is used at the DSIF.

Mode 3 : Telemetry only

Telemetry data rate - 50 bps
Telemetry subcarrier frequency - 30 Ke
Output power ~ 40O mw
Antenna -~ Omni low gain

Mode 3 is intended for the transmission of narrovw bandwidth, low power,
lov gain antenna telemetry data. A separate 30 Kc subcarrier oscillator

(for redundancy) is used for Mode 2 and for Modes 1 or 3.

Several modifications, providing a wide range of trensmission cepe~
bility, can be considered under the ground rules of mininum modificationr.

REV LTR _BOEING | N D2-100369-1
' 92
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3.2.5

(Contimed)
These wodifications, arranged in order of increasing capebility are
tabulated delow in tems of transmitter and antenna cambinations:

Max. Rate (bps) ___Transmitter Anterma
1000 10 vatt Low Galn
3000 0.5 Watt High Gain
230,000 . 10 vatt High Gain

The lublylu- Iodinuum associated vith the -.bovo tabu.htion are
dimud 1n the muoﬂ.u pu-agrapha. |

_Thc eubmﬂmotmutttunniturmhighmmwes not

require a direct modification of the ca..mication mb:ntu, under
the assumption that no signal eonu'bi.oning is required. The only
modification would consist of a yrovision for energizing either the
video readout or the tape recorder storage readout of the other ex-
reriments. Video and other experimental data would be tranamitted

on a time share basis wvith intermediate tape recorder qtorage‘provmed
to the other experiemtns. The capability of transmitting up to 3000
bps, using the combination of half watt transmitter and high gain -
antenna, would require a modification of the multiplexer encoder in
order to combine the transmission of spacecraft performence data and
experimental data. Additionally, the telemetry subcarrier and band
pass filter would have to be changed from the present 30 kc frequeacy
to 20 kc. This change is required to prevent 1nterrerence'v1th the
video data. A provision for selecting the high gain antenns in
combination with the low power transmitter would have to be provided

if the high data rate capabilities necessary for either video or X-ray

REV LTR
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3.2.5

(Contimed)
data transmission on the same mission were to dbe preserved. Switching
back to the current normal modes 1 and 2 would also be necessary in

this case.

.

The capability to transmit up to 1000 bps, using the combination of
low gain antenna end the high power transmitter would require a modi-
fication of the miltiplexer encoder, a modification of the subcarrier
oscillator (30 ke to 20 kc) and e provision for selecting the above

combination of transmitter and antenna.

It 1s to be noted that in either of the two latter cases the preserva-
tion of high data rate capability would be contingent on the capability
to switch back to normal mode 1 and 2 operation on a time share basis
with these modes. This does not appear to have any sdvantage over the
high data rate system, utilizing the high gain antenna and high power
transmitter and should be considered only if the total dats rates are
sufficiently low. For those experiment configurations where total data
rates are lower than 1000 bps it may be advantagecus to eliminste the
high gain antenna and lov power trasmitter and utilize the welght
(approximately 15 1bs.) for additional paylosd. Similarly, the
elimination of the TWTA and the low gein antenna (approximstely 12 lbs.
paylosd gain) may be jJustified if the total data retes can be held
below 3000 bps. In either of the above cases no switching provisions
would be required.

On the basis of the experiment data rates, provided by L-5382 Statement

of Work and the projected paylosd capability of the Lunar Ordbiter it

REV LTR
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3.2.5

(Continued)

appears unlikely that the total data rates could be held below 3000 bps.
This 1s self-evident in the cases I - III (Photo System retained),
vhere video transmission capebility has to be preserved, and will be-
come subsequently apparent for Case IV (no Photo System) since this
configuration is capable of supporting the whole experinént complenent
vith a total data rate requirement of approximately 60,000 bps.

In view of the above observations is appears desirable to preserve the
current spacecraft communications subsystem in an unchanged form, |
except for the provision of input switching to the video system, and
to provide starage capebility for the experiment complement which would
be sufficient for: | |

1. Experiment data storage during the time experiments are activated.
2. Experiment data storsge during sun and/or earth occultation of the

spacecraf't by the moon.

Data trensmission, utilizing the high gain antenns and 10 watt trans-
mitter, would be initiated on a time share basis with the video, when-
e'ver video transmission is required, at a time when the limit of storage
capacity is approeched. Transmission would take place at the maximum
rate, consistent with tape recorder readout capability, in order to

minimize transmission time.

Space qualified tape recorders meeting the requirements of experiment
groupings supportable by Lunar Orbiter are available on the market and
their specifications will be discussed in comnection with specific

configurations in Section 4.0,
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in the

3.2.6 PROTOGRAPHIC SUBSYSTEM

following pareagraphs.

individual items deleted.

bility, does not require any modification evaluation.,

' The extent of photographic subsystem modifications associated with the

four Cases as specified by the 1-5386 Statement of Work, is discussed

Case I, requiring the preservation of the total photo subsystem cape-

Case II requiring the removal of the high resolution portion of the
photographic subsystem, involves several modifications aend results in

weight and power savings as shown in the table below, in terms of

Ttem Weight Power ~—
1. 24" lens 13.32f  ~- \
2, 24" lens Window Assembly
(Window heater) .30# 3.5 Watts
3. TFolding mirror 5 --
L, 24" Platten and Actuator Assembly 1.704 --
5, 24" Shutter Assembly 1.70# -
6. light Baffling (24" lens only) 30#  --
7. 24" Window A48 --
8. V/H Sensor
Mechani em# 5.54# 10.5 Watts (when
on)
Electronics 3.9
TOTAL 27.995¢ 1k, Wvetts

# Complete removal of the V/H Sensor is contingent on increasing

the 3" lens aperture, increasing shutter speed and accepting &

resoltuion degradation.
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3.2.6

(Contimed )
The potential volume savings accrued by the above deletions are shown
in nm. 30206.1 thrmgh 302.6.5.

Because of the complexity, from the viewpoint of mechanical, thermal
and subsystems, of integrating interchangesble experimental packages
vithin the pressure envelope of the photographic subsystem the utiliza-
tion of this volume for experiments is not recommended.

The modification required concurrently with the removal of the items
tabulated above and the impect of these modifications on photographic
mbmtu ctp‘bility are discussed delow:

The film metering roller encoder should be modified to advance 2.874"
of film rather than 11.732" in order to fully utilize the film capacity.
This modification will resuit in a capability of 793 frames of moderate
resolution photographs. This capability would result in the potential
of mapping an area of 25° x 360° with stereo coverage to a nominal

resolution of 32 meters.

The film rollers adjacent to the 24" platten should be remcved 1o insure

proper film transport.

Cabling changes will be required to provide en Image Motion Compensa-
tion (IMC) drive signal by command from the programmer unless shutter
speed 1is increased and a somewhat lower resolution (9-18 meters) is

accepted. An A/D converter, within the en‘velope of the present V/H f

- mechanisn will have to be provided in thies case. The weight etatement

in thi.s case would result in a Gecreased saving of five pounds.

REV LTR

BOEING |~ D2-10036Q-1

U3 4288-2000 REV. 1/68 ' rSH. 97



USE FOR TYPEWRITTEN MATERIAL ONLY

Space>Available
‘1) 24" Lens Assemdly

) “f“@

F— & — L5

Volume = 258 cubic inches
includes light baffle

——u\

2) Folding Mirror

3.3"
f s

L. __q

Volume = 10 ouble Anches

3) 24* window

e

Volume = 11 cubic inches

3.2.6.1
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| L) Enclosed light path

2 ;
il |

A ]
-

12 v\ 6l

i

o / \

g 8.5" \ .__L

Volume = L40S cubic inches
includes 24* shutter assemdbly
light path baffling
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}‘——- 5.8¢ —————L

i

|
: . !
; ‘ - |
-p—e-.—-p—-—--—-—--—--——\

[ PR P—

Volume = 26,8 cubic inches

Llectron:lcs

/

5.85"

/
f
3.
4

Volume = 194 cubic inches
Total volume Case II = 1220 cubic inches

Notas Angulnr shapo may allow mcreaae of this volume
by 2

3.2.6.3
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Cambined component spacing and relationship

3 . 2T6T§ ”—‘_‘
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- 3.2.6

(Contdimed)

Alternately, the IMC function can be eliminated if a degradation in
resolution is acceptable, as may be the case with high altitude (200 km)
mapping type missiénn yielding 4O meter resolution. The nodiﬁ'catim,

in this case, would be to take advautage of the full capability of the | -
3" lens (F2.8) instead of stopping it down to its preuht mode of r5.6. '

This modificetion vould allow the shutter speed t0 be increased to
1/100, 1/200 anﬂ. 1/&00 seconds thereby liniting smear to 18 mtars at

;.."‘

tho slmst ahxtter qpod mnpauding to low nght levols occnrring .
"atumumme-mmmmbmu?s' Swear vould be |
n.:u-.ea o k.5 ;mterl invthc nei;hbm:hood of 50° illumination. q;;gifahﬁ L

ST

[

Case III, requiring the removal of the low resolution lens, results in
minor weight savings of 2.90 1bs. consisting of 2.6 1bs. of lens and
platten acwa'bor and ,030 1bs. of window. Now power budget decreasé
is achieved.

The modification associated with this deletion involve a reattachment
of the shutter exposure aettf.-ps mechanism (presently attached to 3".

cemera), sealing of the 3" window and modification of the film metering |

mechanism would result in the film metering roller encoder advancing
8.936" of ﬁ.ln rather than 11.732". This would provide full utilizatibi
of the film capebility and result in an increase of capacity from 194
frames of high resolution photos to 255 frames.

The volume saving assoclated with this modification is shown in Figure

3.2.6.6 and its usege for other experiments is not recommended on the

same grounde as discussed in Case II,
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Case IIXI Low Resolution Camera Removal

e s —]
RNAZ w1

L" ‘ ASSEMBLY 5,5

l \ &
LIGHT PATH

ol h.}n ey

Volune = 1)9 cubic inches

3.2.6.6

REV LTR BOLEING | N°  D2-100369-1

U3 4288-2000 REV. 1/6§ SN 10k




v

USE FOR TYPEWRITTEN MATERIAL ONLY

3.2.6 (Continued)

Volume
Weight

Power

l. Detectors:

2. Wiring

In general, this modification does not appear to be justifiable when
the relation between weight and power saving achieved and the complexity
of modification is considered. The only possible Justification would
be a critical need for a 25% increase of high resolution area coverage
capability, which would be achieved at the expense of multiple stereo
capebility. It should be moted thet the multiple stereo capability may,
vith addition of filters, be utilized in colorimetry experiments.

Case IV, requiring the removal of the photographic subsystem, results
in the following weight, volume and power savings:

Flight programmer functions used for comtrol of the photo subsystem

would be availasble for control of other experiments.

3.2.7 REMOVAL OF BLOCK I EXPERIMENTS
The deletion of the Block I micrometearcld detectors and radiation

sensors results in weight saving as shown below:

MICROMETEOROID DETECTORS, WIRING AND STRUCTURE

SH 3355 MT 701 thru MT 720 (20 wires)
SH 3891 SP 891 thru SP 895 (25 wires) 573

- 5.9 £t.3
- ll“9 lbso
- 80.1 watts during daylight operstion

- 15 watts during nighttime operation

%

20 at .156# each GFE MD-1 3.200r

#24 at .00023#/in. 2154"
#2b at ,00023#/in. 338"

4 Splices YSV-1k at .00269 011
2 Clemps at .01 7 02 .
REV LTR _BOEING | "> D2-100369-1
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3.2.7 (Contimed)

3. Structure 2, Lo#
1-06-51 AC 29-41064-009 Clip (12) .08
. : -011 Filler (2) .01
25-51304-901 Fast .05
2551304002
29-41073 Brkt (12) .36
29-4107k-001 (1&; 07
002 (8 Ol
-003 (2) .o4
-00k, -005 560; o}
25-51830 Angle, Cap (21) 1.65
25-51631-900 Fast .10
TOTAL 6.20#

RADIATION DETECTION COMPONENTS, WIRING AND STRUCTURE
1. Two Scintillation Counters MI'7T26, 727 1.37#
10-72003-2 & 3

2. logic Box AT725 10-T2003-4 1.15#
SH 3755 #2b, #22, #20 vire - 29Uf
Plug P755 AT
4 Splices PSM 18 - P1 at .00073 003
.m
‘ 4., Structure STH
Pedestsls for Seint. Ctr. .23 + .24 LT#
25-51785-5, -6
Installation NBR for 2 Ctr. and logic 104
TOTAL 3.563#

A power saving of 16 watts is accrued by these deletions.

REV LTR _.!m][ii, D2-100369-1
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k.0 EXPERIMENT CONFIGURATIONS AND MISSION PROFILES

This section deals with a limited sample of spacecraft-experiment
configurations end mission profiles under ground rules derived from
the parametric considerations of the preceding section 3.0 and with

consideration of experiment compatibility.

The objective of the following specific case analysis ié, in addition
to illustration of the applicability of the analysis of the previocus
————section, to provide a more detailed analysis of 1nterrelation between
expnrimnts, m.ssions and apacecra.rt subsystem requirementa. 'mese
relationships cannot be fully evaluated without establishing & base-
line omtﬂguration, ‘mission profile and event sequence as will become

‘apparent in the subsequent subsections.

k.1.0 GROURD RULES FOR MECHANICAL LAYOUT AND MISSIORS

Ground rules :t.or mechanical leyout and mission operational conduzt
wére established on the besis of minimm spacecraft modification and
rayload maximization approach. The minimum spacecraft modification
approach was primarily dictated by the constraints of the L-5382
Statement of Work relative to total spacecraft weight (860 1bs.-920 1bs.
vhich precludes major modifications. Seconmdarily, the miniwam modifica-
tion approach appears to be attractive from the viewpoint of schedule
and cost effectiveness. The general ground ruleé, correspording to [
this approach, and their Justification are emmerated btelow:

1. Elliptical lunar orbits, long translunar transit times {50 hrs.)
and limited lemnch periods (3 days/month) will be used in the

interest of propellant weight conservation. Off-loaded propellant

weight will be used for additional experiment payload.

REV LTR _BOEING | N0 D2-100369-1
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2.

3.

De

4,1.0 (Contimed)

R

Surface oriented experiments will be rigidly mounted within the
spacecraf't with their sensor axes perallel to the camera axis.
This asmumption was made for purposes of the study only and does
not represent an actual limitation of mechanical layout except for
the obvious ﬂeld of view obstructions of the tank deck, equipngnt
mounting deck,. and the solar panels. |

Surface directed experiment orientation into the orbital plan and
t0 local vertical will be accomplished, if pecessary, by spececraft
maneuvers in a msnner analogous to the photogruphic\iswv,ty\er. An
exception may arise if contimuing experiments must de porfc;ﬁie‘é»\
over a long length of arc in vhich case the implementation of a \'\\
capability for contimuous torquing to local vertical (over limited \
arc length) vill be considered in the interest of performance im-

wovement and attitude control geas congervation.

Iunar enviromment éxpertmn‘bs will be mounted rigidly to the space-
craft and vill be épero.tad contimously, subject to power limita-
tions and interruptions for data transmissions, at the attitude
appropriate to the spacecraft operating modes. (Sun-Canopus
reference during cruise and local vertical during surface experi-

ment operatiom.)

The useable volume inside of the photographic subsystem made avail-
able by deletions speciﬁed under Cases II and IXII of the Statement
of Work will not be utilized in order to avoid redesign of the

package with each experiment modification and interchenge.
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L.1.0 (Contimed)
6. Data storage for the scientific experiment will be provided with
sufficient capacity to utilize effectively the high data rate of
the video transmission system, on an intermittent time share

basis, in order to minimize communication subsystem modificatiocns.

T. Structural changes will be limited to these required to support
additional exj:eriments except for the replacement of the arch
supporting structure necessary for camera packege removal, by &
truss strhcume in the ‘case of deletion of the phwsyhic aﬁb-
system (Case IV). Micrometeoroid detectors and radiation sensors
end their supporting structures and cabling vill be removed in all

cases.

8. The photographic subsystem constraint of 50° - 75° solar illumina~
tion at the subspacecraft point will be preserved for Cases I
through III of the Statement of Work.

9. Experiment definition of the Statement of Work as reproduced in
Appendices A and B will be used in spececraft configuration studies
and will be complemented by data of Appendix C only to the extent

necessary for completeness of definition.

With the exception of the changes emunerated above and the sddition of
programmer comnand telemetry functions, when specified, all subsystems

will remain, inasmuch as possible, unchanged.

k.2.0 » SAMP1E EXPERIMENT GROUPINGS

Sample experiment groupings, for each of the Cases I through IV

REV LTR _!MJ NO. D2-100369-1
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4.2.0

)403.0

- feasibility of mechanical integration of the experiments, in conjunction

(Contimnued)

specified by the L-5382 Statement of Work, were defined on the basis of
capabllities indicated by the parametric studies, experiment descrﬁtion*:
of Appendices A and B and following consultation with the contracting

agency.

These experinénta groupings, their total weight and structural integra-
tion allowences based on weight availability estimates, are shown in
the tabulation of Figure 4.2.0.1. The corresponding weight availability
estimates and associated approximate orbital profiles are atmarized in
Figure 4.2.0,2,

MECHANICAL LAYOUTS, WEIGHTS AND CENTER QF GRAVITY

Configuration drawings were generated for five of the cases. These
configurations are shown as iscmetric drewings of experiment arrange-
ments in two views in Figures 4.3.0.1 through 4.3.0.10, respectively.
The corresponding cross-sectional views are shown in Figures 4.3.0.11

through 4.3.0.21. (Pages 2h6 through 250 inclasive)

On the basis of the above layouts, corrected weight statements were ob-
tained for all ten experiments. These are tabulated in Figures 4.3.0.22
through 4.3.0.31, and include moments of inertia and c.g. data in the

critical cases.

Since the weight statements substantieted the initisl estimates of

with the above five configuration layouts, it appeared unnecessary to

generate additional configuration data.

e et i < namn wn s e e <}
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Fig. 4.2.0.1
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CASE 1 A (920 %)
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MICROMETEOROID
DETECTOR

SOLAR PLASMA

ELECTRONICS

CASE 1 B (920 #)

SOLAR PLASMA
(S FT. DQOM)

_

4
- o) ' =)
mE " 2 g
g& §§ i/ &8 gg
G zh o) =
63 g el 3
28 3 2
o "Fig. 4.3.0.4
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Fig. 4.3.0.22

D2-100369-1

CASE Ia
WEIGHT -- LB ,
EQUIPHENT STRUCTURE | TOTALS
& SENSORS [ & WIRING
7/1/65 L/0 INERT WEIGHT 572.08 .
DELETE" -39.71
Radiation Detection 2.52 1.03
Micrometeoroid Detection 3.20 3.00
12 Amp-Hr Batteries 29.96
ADD , 7 ) 116.65
20 Amp-Hr Batteries 51.00 2.00 ‘
Wire For Re-Arranged Boxes -33
Photometer - Colorimete " L.00 «90.
Magnetometer . = - 12.00 12,26
Solar Plasme 12.00 12.16
Data Storage Tapé Recorder 9.00 1.00
TOTAL INERT WEIGHT 649,02
ADD '273.05
No <= 11 months h.29
N2 - BO‘W‘ 6-29
Propellant 262,47 -
TOTAL WEIGHT @ AGENA SEPARATION 922.07
TOTAL WEIGHT ALLOWED PER NASA RFP 920.00
' INERTIA ‘
CASEIe @ WEIGHT CENTER OF GRAVITY NERTIA i
‘Solu.r Panels &\ LB IN ! SI’,U(IE - FT< s
Boome_Deployed L z_ | X yoy | lxex | le-z i
i
INERT WEIGHT 649.02 222.66 -.12 +.02 214,27 l 292.0k | 168.:8 |
| 1 !
AGENA SEPARATION 922,07 212.75 -.08 l +.01 | 260.58 | 301.75 ; 27.78 |
. |
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CASE Ib
WEIGHT -- LB .
EQUIPMENT STRUCTURE | TOTALS
& BENSORS & WIRING
7/1/65 L/O INERT WEIGHT 572.08
DELETE - 9.75
Radiation Detection 2.52 1.03
Micrometeoroid Detection 3.20 3.00
ADD 97.6%
Photometer - Colorimeter 4.00 .9
Magnetometer 12,00 12.26
Solar Plasma - 12,00 12,16
Data Storage Tape Recorder . 9.00 1.00
Wire For Re-Arranged Boxes <33
Micrometeoroid Detector 27.00 3.20
Auxiliary Equipment Deck 3.
TOTAL INERT WEIGHT | 659.98
ADD 253.0%
Np -- 11 months L.29
Ny -- 30 days 6.29
Propellant 2h2, 47
TOTAL WEIGHT @® AGENA BEPARATION : 913.03
TOTAL WEIGHT ALLOWED PER NASA RIFP 920,00
Mg, §.3.0.23
no.  DR2=100369-1
REV LTR _BOEING |

| 1
U3 4288-2000 REV. 1/65 o SH. 24




1
CASE Ic
WEIGHT -- LB )
EQUIPMENT | STRUCTURE | TOTALS
& SENSORS | & WIRING
: 7/1/65 L/O INERT WEIGHT ‘ 572.08
Radiation Detection 2.52 1.03
f Micrometeoroid Detection 3.20 3.00
( ADD : | ' ' 92.08
Solar Plassa 12.00 8.61
‘ Magnetometer 12,00 . 12.26
i Gamma Ray 28.00 9.21
: Deta SBtorage Tape Recorder 9.00 1.00
. ,
z
[»]
-4 !
&
. w
i <
) =
' z
[
[
x . :
. TOTAL INERT WEIGHT | ‘ Goh i
: - ' :
i 5 ADD : ’ 273.05
oo Ny -- 11 months k.29
;3 R, -- 30 days ' 6.29
i ' Propellant ‘ a52.47
i TOTAL WEIGHT @ AGENA SEPARATION | 1 o716
’ TOTAL WEIGET ALLOWED PER NASA RFP ' 920.00
i
\' Pig. h.30002k‘_——‘
\f\. _ e ‘- -
CREVLTR. _BOEING VO D2-100369-1
E:_: ' R U'S 4288- 2000 "Rev.,t/s;’.. N - T : . ISH. 125



CASE Ila
WEIGHT -- 1B .
EQUIPMENT | STRUCTURE | TOTALS
& BENSORB | & WIRIRG
7/1/65 L/0 INERT VEIGHT ‘ 572.08
: : ~3T.75
DELETE : :
Radiation Detsction 2.52 1.03
Micrometeoroid Detection 3.2 3.00
Camera High Resolution 28.00
ADD ‘ i 46.18
> Wire For Re-Arranged Boxes ' .98
7 Auxiliary Equipment Deck 2.30
3 Radiometer 6.00 2.10
1 X -Ray 18.00 1.90
o Photometer - Colorimeter 4.00 .90
~ Data Storage Tape Recorder 9.00 1.00
-
=
&
=
w 1]
a
*
-
[+ 4
b
% TOTAL INERT WEIGHT ' ' 580.51
ADD “ 273.05
Ny -- 11 moaths k.29
Ky -~ 30 days 6.29
Propellant 262,47
TOTAL WEIGHT @ AGENA BEPARATION ' 853.56
TOTAL WEIGHT ALLOWED PER MASA RFP 860.00
Flg. 4.3.0.25
REV LTR _BOEING |*° D2-100369-1
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CASE IIv

WEIGHT -~ 1B
EQUIPMENT STRUCTURE { TOTALS
& SENSORS & WIRING
7/1/65 L/0 INERT WEIGHT 572.08
DELETE -37.75
Radiation Detection 2.52 1.03
Micrometeoroid Detection 3.20 3.00
Camera High Resolution 28,00
ADD 57.99
Wire For Re-Arranged Boxes .08 .
Gamma Ray 28.00 9.21
Photometer - Colorimeter k.oo .90
Infra-Red L.00 .90
Data Storage and Tape Recorder 9.00 1.00
TOTAL INERT WEIGHT ' 592.32
ADD 253.05
N, -- 11 months k.29
N, -- 30 days 6.29
Propellant 242,47
TOTAL WEIGHT @ AGENA SEPARATION 845,37
TOTAL WEIGHT ALLOWED PKR NASA RFP 860.00

REV LTR

U3 4288-2000 REV. 1/68

Fig. 4.3.0.26
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CASE Ilc
WEIGHT -~ LB
EQUIPMENT STRUCTURE { TOTALS
& SENSORS & WIRING
7/1/65 L/O INERT WEIGHT 572.08
DELETE . ‘ _37.75
Radiation Detection 2,52 1.03
Micrometeoroid Detection 3.20 3.00
Camera High Resolution 28.00
ADD 52,13
Wire For Re-Arranged Boxes .98
Auxiliary Equipment Deck 3.39
Rediometer 6.00 2.10
X-Ray 18.00 1.90
Photometer - Colorimeter ' 4,00 .90
Infra-Red 4.00 .90
Data Storage Tape Recorder 9.00 1.00
TOTAL INERT WEIORT . ' 586 . 46>
ADD § 253,05
Ny -- 11 months h.29
Ny -« 30 days 6.29
Propellant <h2.h7
TOTAL WEIGHT € AGENA SEPARATION 839.5%
TOTAL WEIGHT ALLOWED PER NASA RFP 860.00
o T Fig. 4.3.0.27
REV LTR _BOEING |V D2-100369-1
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; CASE IXIa
L [ WEIQHT -- LB

T & SENSORS | & WIRING
o 7/1/65 L/o INER® VEIGET AR 1 ] sr2.08
| DELETR ' L . ' Q2. 75
Radiation Detection 2.52 1.03
Micrometeoroid Detestiom - 3.20 3.00
Camera low Resolution ‘ 3.00 R |
m » - - v .
Wire For Re-Arranged Boxes . .50
Photometer - Colorimeter §.00 7,90
~ Bi:-Static Redar | 500 10.33
Radiometer - - o - 6400 - 2.10
Data Storidge Tape Recorder 9.00 1.00
i

» Y
o m — —

TOTAL INERT WVETGRT? 598.16

USE FOR TYPEWRITTEN MATERIAL OMLY

ADD | 263.05
N, == 11 months
Np = 30 days

ih e

8 o
538

:' Propellant 252

; TOTAL WEIGHT @® AGENA SEPARATTON 861.21
; TOTAL WEIGHT ALLOVED PER NASA RFP 860.00
;

. Fig. 4.3.0.28

. D2~100369-1
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CAsx IIIb

BQUIPMENT BTRUCTURE { TOTALS
& SENSORS & WIRING
7/1/65 L/0 INERT VEIGET 572.08
DELETE -12.75
Radiation Detection 2.52 1.03
Micrometeoroid Detectiom 3.20 3.00
Camera Low Resolution 3.00
ADD 30.73
Wire For Re-Arranged Boxea «50
Photometer - Colorimeter k.00 .90
Bi-Static Rudar .00 10.33
(Incl. 30"
Antenna)
Data Storage Tspe Recorder 9.00 1.00
TOTAL INERT WEIGHT 590.06
ADD 263.05
Ny -= 11 months 4,29
N3 -- 30 days 6.29
Propellant 252,47
TOTAL WEIGHT @ AQENA SEPARATION 853,11
TOTAL WEIGHT ALLOWED PER NASA RFP 860,00
T T T Fig. 4.3.0.29
BOEING | O _D2-100369-1
REVLTR r
sk, 130
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CASE IIIc

[ WEIGHT -~ LB

U3 4288-2000 REV. 1/65

-

EQUIPMENT BTRUCTURE { TOTALS
& SENSORS & WIRING
7/1/65 L/O INERT WEIGH? 572.08
DELETR -12.75
Radiation Detection 2.52 1.03
Micrometeoroid Detection 3.20 3.00
Camera Low Resolution 3.00
ADD .
Gemma Ray 28.00 9.22
Dat.a Storage Tape Recorder 9.00 1.00 )
TOTAL INERT WEIGHT ' 606,54
ADD 248,05
Ny -- 11 months 4.29
'2 - 30 dq. 6-29
Propellsat 237.47
TOTAL WEIGHT @ AGENA BEPARATION 854.59
TOTAL UEIGHT ALLOWED PER NASA RFP 860,00
Fig. 4.3.0.30
REV LTR _—!ﬂlmg l NO. DQ'IWBég‘l
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CAsg IV
WEIGHT «- LB
. EQUIPMENT STRUCTURE | TOTALS
& SENSORS & WIRING
7/1/65 L/O INERT WEIGET 572.08
DELETE ' ! -163.96
Radiation Detection 2.52 1.03
Micrometeoroid Detection 3.20 3.00
Photo Subsystem : 145,54 4.88
Structural Arch 3.79
ADD 176.88
Truss Tubes 1,04
Photometer - Colorimeter k.00 +90
Infra-Red 4,00 90
Radiometer 6.00 2,10
X-Ray : 18.00 2,00
Micrometeoroid Detector 27.00 3.20
Bi-Static Radar 5.00 10.33
(Incl. 30" o
. Antenna
Solar Plasma 12.00 8.61
Gamua Ray 268.00 9.21
Magnetometer 12,00 12,
Data Storage Tape Recorder 9.00 1.00
Wire For Re-Arranged Boxes <33
TOTAL INERT WEXIGHT ' 585,00
ADD ' . | 273.05
Ny -- 11 wmonths k.29
N, -~ 30 days 6.29
Propellant 262.47
e
TOTAL WEIGHT @ AGENA SEPARATION 85t.0%
TOTAL WEIGHT ALIOWED PER NASA RFP 860.00
CASEIV @ WEIGHT CENTER OF GRAVITY INSRTTA
Solar Punels &) LB N SLUg - Fi A
Booms Deployed x | 2 | Iy-y | Ix-x | Iz-z
INERT WEIGHT 585.00 226,65 +.16 -.13 205.39 | 224.69 | 111.23
AGENA SEPARATION 858.05 212.24 +.11 -.09 251,70 | 234.30 | 160.73

Fig. 4.3.0.31
REV LTR . _BOEING | VO D2-100369-1
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ing

1.

2.

3.

bob0 MISSION PROFILES
The choise of mission profiles for a detailed analysis was, by necessityL

limited to two configurations. This was accomplished using the follow-

. those missions requiring a large mmber of experiment attitude

raticnale:

From the viewpoint of weight and volume carrying capability nome
of the configurations considered apreared to offer a critical néed
for exsmination. _

The "black box" definition of experiments and their J.ov pwar re~
quiraente appeared to indicate no criﬁca.l problm in the thernal
area for any mticnlar.ex;_grmpt."_ .

From the viewpoint of the attitude conmtrol subsystem the critical
conﬁguré,tions appeared to be these configurations requiring boom

deployment, resulting in partly chenged moments of inertia, and

maneuvers and/or long arc coverages in the course of a single
orbital pess. These items will be less critical if the angular
accelerations and control tolerances may be relaxed from those of

the photo subsystem.

From the viewpoint of the power subsystem, contimous operaticn of
experiments during "nighttime",operation of groups of experiments
over long arc lengths (departure from cruise attitude) and cpera;
tion of the high power transmitter for date experiment data trans-
mission in addition to video data, appeared to be the most critical

areas.

REV LTR
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b,b4,0 (Contimued) ‘-,_

5. From the viewpoint of the commmunication subsystem, under the

ground rules defined under 4.1.0, the critical problem areas
appeared to exist in the cases of high experiment data requiremehts
over short arc lengths, occurring in surface directed experiment,
and/or accumulation of low data rates as in the case of environ-
mental experiments operating contimiously during the sun and earth
occultation times by the moon (relative to the spacecraft).

On the basis of the above considerations the configurations of Cases IB

and IIC were chosen to cover the range of critical factors.

The initial conditions for the mission profiles for these configurations

were chosen as follows:

CASE IB CASE IIC
Apolune Altitude ‘ 3000 km 3000 km
Perilune Altitude 92 km 46 km
Inclination 33° k5
Illumination at Perilune 60°* 90°
Photographic Altitude 92 kn 184 ¥m
Photographic Resolution 2 meters © 32 meter sterep

16 meter stereo
IR Altitude - b6 xm
Radicmetry Altitude _ - 46 xm
Photometry/Colorimetry Altitude 92 km 184 m

X-Ray Altditude - 50 kam
Photography Illumination ° 50° - 75° 50° - 75
IR Illumination -- 105° - 90°
Radiometry Illumination - 80* - 60°
Photometry/Colorimetry Illumination 50° - 75° 50° - 75°
Photo Target Area Aristarchus KRear Equatorial
Band (25° x 360°)
IR Terget Area - Near 26° Lati-
tude Band
(13* x 360°)
Photometry/Colorimetry Terget Area Near 26° L. band Near Equatori
(25° x 360°) Band (25° x *)
Radiometry Target Area - Near 26° N Lat{-
tude Band
25° x 360°)
X-Ray Target Area - ar 22° R latli-

el
¥ ¥%0%)
REV LTR MFL—M“W —_—
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h’u.o

b1

(Continued)

The above profiles are illustrated in Figures 4.4.0.1 end k.k.,0.2,
respectively. The detailed orbital data, corresponding to these
orbital profiles, is shown in Figures 4.4,0.3 through 4.4,0.15 and the
corresponding mission event seguences are sumnarized in Pigures |
4.,4,0.16 and 4.4,0.17, respectively. The area coversges of mission

IIC relative to each of the surface oriented experiments are illus-

trated in Figure 4.4.0.18.
CASE 1B

The mission profile and mission event sequence for Case IB is generally
similar to the standard Iunar Orbiter mission with the exception of the
increased apalune and perilune altitudes amd inclination. The differ-
ence manifests itself in decreased spececraft occultation times with
respect to both the Sun and the earth. The event sequence, prior to
the final lunar orbit and initiation of experiments, will correspond
closely to the standard Lunar Orbiter mission with the exceptioa of
boom deployment sequencing. During the final orbital phase the environ-
mental experiments will be operated contimously, without interfering
with the surface related experiments, and the photometry/colorimetry
experiment will be performed in conjunction with the photographic
experiment (Mapping of Aristarchus) om a sequence of 12 consecutive
lunar orbits., The photometry/colorimetry experiment will be addd -
tionally performed on each of the final lunar orbits, over the 11lum-
ination band of 50 * - 75°, during the 30 day mission from cruise
altitude. This will result in photometry/colorimetry coverage band

of an approximately 25° width around the lunar perimeter (360° coverage)

Coverege contiguity for the photmetry/colorimetry experiment could be

REV LTR

1
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TABLE I
MISSION DEFINITION
MISSION CASE I8 CASE. 11¢
Launch
Date May 9, 1967 July 3, 1967
Time (hr, min, sec) 21 57T 29.2 18 56 25,3
Azimuth (deg) 90 90
P.0. Coast (sec) 2210.4 2154.3
Translunar Injection
Time (hr, min, sec) 22 W 3.6 19 W2 3.6
Latitude (deg$ - 28.19 - 27.94
Longitude (deg) 81.85 T7.77
Translunar
Transit Time (hr) 90 90
B-T (km) bhot 3819
B'R (km) - 3345 - 3979
Approach Perilune Alt. (km) 242 27
Lunar Injection
Date May 13, 1967 July 7, 1967
Time (hr, min, sec) 18 k2 17.8 13 37 33.6
Latitude (degS 28.11 40.0%
Longitude (deg) 65.90 57.32
Altitude (km) 257 334
Plane Change (deg) 7.17 8.22
AV (meters/sec) 587.3 609.6
Initial Orbit
Apolune Altitude (km) 3000 3000
Perilune Altitude (im) 250 250
Inclination (deg) - 33 (descending) - 43 (descending)
Perilune Latitude (deg) 25.7 26.00
Perilune Longitude at 75.15 90.11
Arrival (deg)
Transfer to Final Orbit
Date May 20, 1967 July 9, 1967
Latitude (deg) - 2 - 26
Longitude (deg) 170 243.76
AV (meters/sec) 22.8 29.7
Final Orbit
Apolune Altitude (km) 3000 3000
Perilune Altitude (km) 92 U6
Inclination (deg) - 33 (descending) - 43 (descending)
Perilune Latitude (deg) 2h 26
Perilune Longitude at - 10 63.76
Transfer (deg)
Commence Experiment
Date May 22, 1967 July 10, 1967
FMg. 4.4,0.3
—MJ NO. D2-100369-1
REV LTR
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L.h.

(Continued)
assured by experiment scan system design, such that a 43 km crossrange

strip 1s covered from an altitude of 100 km, in this case.

It is to be noted, by reference to Figures 4.4,0.5 and 4.%.0.6, that
under the sbove definition of the photometry/colorimetry experiment the
altitude of the experiment will change contimiously over the duration
of the mission. This is due to the precession of the earth system
around the sun while the lunar orbit remains approximately fixed in
inertial space. As a result the illumination band passes relative to
the perilune of the orbit at a rate of 360/365 degrees per day. The
photometry/colorimetry experiment, assumed to be performed in a fixed
illumination band, is therefore executed at a progressively increasing
true ancmally and a correspondingly increasing altitude. This is an
arbitrary definition, for illustration purposes only, since the experi-
ment could be performed equally well from a nearly constant altitude at
progressively changing illumination angles (1°/day), which may be pre-
ferable from the scientific viewpoint, up to the limit of the perilune

approaching the terminator.

It should also be noted, with respect to Figure 4.4.0.16 that the event
sequence layout was performed on a fixed experiment duration baeis
without an attempt at optimization of coverage, or detalled coverage
definition. This was donme in the interests of eimplicity of presenta-
tion since the only purpose of the event sequence lyacut in the pre-
liminary investigation phase 1s to provide data for an initial sub-

syster analysis. Detailed time analyses will have to be performed at

REV LTR
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h.h‘l

h.z}.a

(Contimed)

the expsriment requirement specifications. A compressed time scale of
functions per orbital pass appears to be feasible, although not neces~
sary, by elimination of dual time slot allocation for mutually exclusive)
functions.

CASE IIC

The mission profile for Case IIC (Medium Resolution Photo) prior to
injection into the fipal lunar orbit will be analogous to the sta.nda.rd.
Lunar Orbiter mission. In the final orbit phase the surface orlented
experiments will be performed at the time(s) when the spacecraft paéses
over the illumination band appropriate to a particular experiment or
experiment set. It should be noted that the mission profile in this
case is 1llustrative only. For example, the IR and Rediometry experi-
ments are initiated prior to the passage over the terminstor into the
illuminated region of the surface. The IR readings are therefore taken
over a region vhich hed been in solsr shadow for 14 days and represents
the coldest condition. The equivalent case for the entry of the spé.ce-
craft into the shadowed region, corresponding to the sunset condition
with respect to a surface point, can be constructed to be a reverssl of
the illustrated sequence of events (i.e. placement of photography/
photometry/colorimetry as the first experiment in the sequence ) under

the assumption that the orbit perilune occurs at the sunset terminstor.

The areas of latitude coverage for the experiments of Case IIC resulting
fram the event sequencing specified by Figure 4.4.0.17 over a period of
30 days (360° longitude coverage) are shown in Figure 4.4.0.18. The

precession in latitude of the coverage levels is & result of the reiatiﬁe

REV LTR
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L.L.2

(Continued)

motion of the solar illumination bands, specified for the individual
experiments, with respect to the inertially fixed oibit ignoring
perturbations due to gravitational anomalies and earth effect. It
should be noted that an overlap band between the va.rio@a experiments
exists., This can be utilized as an ald in deﬁnition. of the surface
area of observation in addition to the obvious means o}f extrapolating
from photographic location points using orbital deta over the relatlvelyy
short arc length involved.

The experiment altitude will change as the mission progresses for
reasons identical to these causing latitude precession. The variation
of experiment altitude, due to precession of a given solar illumination
bend with respect to orbit perilune, over the 30 day mission is illue-
trated in Figure 4.4.0.11. It should be noted that, within limits, the
experiment altitude can be held constant if the experiment solar i1llumine
ation at the time of experiment operation is allowed to change. The
latter is, similarly, true in the case of latitude precession of the
coverage band. Mapping of a constant latitude band is possible under
the assumption that changing solar illumination conditions are accept-
able. With respect to Figure 4.4,0.17, showing the event sequence for
Case IIC, it should be noted that sufficient time i1s availsble in a
single orbital pass to perform the required functions upnder a non-
optimm allocation of a constant time slot for mutually exclusive
functions. Compression of functions into a narrower time band is
feasible, if required, and should be done when a detailed functiouval

definition of experiments becomes available.

SO ———
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k.5.0 Subsystem Analyses

Subsyafem analyses were carried out under the definitions of mission ,
profiles and event sequences discussed in the Preceding subsections.

The results of these analyses in terms of performance idehtification

of subsystem modification requirements, if any, and modification

trade factors are aiscussed in the following paragraphs.

4.5.1 Communications Subsystem

For the purpose of determmining the communication system configuration
it has been assumed tha_;t the individual experiment sensors perform théi
necessary signal condﬁiohing to supply to the communication system

binary signals at the requisite data rates listed.

The Case IB Configuration, with the exception of the orbits during
which the high resolution photographic data 1s being transmitted to

earth, requires a data rate as shown in the figure below.

1600 1 —
Recording =t Photo/Colorimetry

Speed
(bpe) ——i e~ U Minutes -

600 ‘:

Orbit Time
Data Rate as a Function of Orbit
—
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k,5.1

Communications Subsystem (Cont.)

The present Lunar Orbiter communication system is not capable of cone
tinuously trensmitting at the above data rate, except in thehigh fovex
mode, without a modification. It will be necessary, as discussed in
section 3.2.5 to store the data on magnetic tape for a camplete orbit
and upon completion to transmit this data to earth at an increased
rate. As this transmission would use the present video (Mode 2)
system it requires only minor changes to the present Lunar Orbiter

coommunication system.

Based on an investigation of capabilities of tape recorders designed
for Deep Space operation, the recording and playback requirements as

shown in the figures below can be met.

Record . Photo/Colorimetry
Tape 3 1 >
Speed o | N I L Minutes
Inches
per Sec.

Orbit Time

30 1

Playback
Tape

Speed o a-— 10 Minutes
Inches

per Sec.

Orbit Time

The configuration of the tape recorder relative to experiment inputs
and the Lunar Orbiter modulation selector is shown in the figure
below:
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hoSol

' Oomunications Sub:gm (cont.)

&pad.mt Input L ' 0.
. Metecton”
- ]hgnetmeter TAPE STORAGE W -
Solar Plasma AND MULTIPLEX
* Micrometeoroid 10GIC
" Photo/Color,

The high power transmission mode, on a time share basis with v:ldeo

data 1: aasuned in the above conriguration.

It smuld be noted that the above ﬁ.gure assumes s self contninad ‘

multiplexing 1ogic capability in the tape recorders. This capability

is mihbh within dmlapnental modell and can be adapted to par-
ticular requ:lrenents with minor logic modification. An example of
such a recorder is the Leach MTR-2000.

The time multiplexer-encoder or cammutator between the digital experi-
ment outputs and the tape recorder and communication system input is

required to handle, upon camand, two data rate modes.

MODE I '
Inputs: Micrometeroid - 4 bps
7 Solar Plasma -=- 500 bps
Megnetometer -- 100 bps
Spacecraft Time -~ 50 bps

Output Data Rate = 650 bps

Operation: Parallel to Serial
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h.s.l

Bits
per
bec.

Communications Subsystem (Cont.)

MODE II

Inputs:

Micrometeroid
Solar Plasma
Magnetometer
Spacecraft Time

Photometry/Colorimetry

- 4 bps
-~ 500 bps
-~ 100 bps
- 56 bps
-= 1000 bps

Output Data Rate = 1700 bps

Operation: Parallel to Serial

Mode II differs from Mode I in that it has the additional experiment,
photometry/colorimetry (1000 bps), to multiplex into the single out-

put data rate. This change in data rate will have to be achieved by

Preprogrammed command.

The above requirements, in conjunction with the commtation of data
over the entire orbital period, result in the following tape recorder
specification:
Recording speed ~= 1 and 3/inches/second
Playback speed -~ 30/inches/second
Tape length 2000 feet

Tape density 700 bits/second
The data rate profile for Case IICis shown in the figure below:

1 -~ &-Rey Fluorescence

10 Minutes

54,000 A

<

1,000 | .

Orbit Time
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h.5.1 Communications Subsystem (Cont.) |
The data storage system for CaseIIC1s similar to that of Case IB and
is shown below:
Radlonetry T TAFE STORAGE Mogt'xl(a)‘l';ion
I-R e———| AND MULTIPLEXER Selector
X-Ray — 10GIC
Color/Photo —_—
Clock and N
C
Spacecraft ‘ omnaﬁgea;ge ec;m;:ccal
Time ’
~+ Record or Playback
The tape recorder would be required to Tecordat 3 ips for the low
speed data and at 30 ips at the high speed X-Ray measurements. Play-
back vou.m de at 30 ips. The record-playback tapg speeds are 111_ust-
rated in the following figures
36_, X-Ray Fluorescence
Recording
I;:k;es -~  je— 10 Minutes
Sec.
3 -
|
Orbit Time
3 1
Playback
Inches — +e— 10 Minutes
per
Sec.
Playback Speed
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u.s.l

Serial
Digital

Data

— —y— —

(eontinued)

The recorder will contain its own multiplex logic which will

convert the serial. (54,000 bps) to four parallel channels for

storage on separate tracks on the tape.

On playback the recorder

reconverts the parallel data to serial data for transmission to

earth, via. the high speed data link as shown in the following

figure:

Serial
to
Parallel

Converter

Track 1 —

Track 2 =

Iraek 3

et TR CK 4 o

Tape

Recorder

— T 0T =

Parallel
to
Serial

Converter

.
l
'—L-.'

Playback

l Serial Output

The data storage system, described above and applicable to all

configurations, would have the following epproximate characteristics:

Volume

Weight

Input

Power

Tape Speed

Tape Length
Tape Width
Packing Density
Multiplexing

capability

Space

Qualified

7.1" x 7.5" x 5.7"

10 lbs.
9 watts D.C.

1, 3 and 30 inches/sec.

2250 feet
1/4 inch

1000 bits./inch

Yes
Yes

The current Lunar Orbiter communication subsystem must be modiflied

only to the extent of providing a command and switching function

energizing output from the tape recorder to modulation selector,

in addition to the command functions controlling recording speed,

on a time share basis with the video transmission function.
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h.s’l

(continued)

The above‘modification is shown schematically in Figure L.5,1.1.
The capability provided by this modification showd cover the |
spectrum of given experiment combinations without a significant
eftect on viaeo transmission capability. With the exception of
additional command requirements and decoder and programmer output .
modifications other subsystems, as well as the remainﬂer of the} '

communication subsystem,-will remain unaffected.

h52 Powmsuaszsms

An analyzis of tae pover subsystem requirements for the two
mission event aequenees defined in Ssction 3.2.3, 1ndieateé that
the minimum array pover requirement needed to support the maximum

¢ ontinuous spacecraft load and re-charge the battery at a rate which

will ensure energy balance is 307.2 watts for case IB and 262 watte fbr

case IIC. These compare to 300 watts for the Block ¥ Lunar Orbiter
Missions. In actual fact, the present Lunar Orbiter array does not
meet the minimum output requirement ot U0 watts at the maximum
array temperature expected. But by incremsing the normal battery
charging rate above that required to maintain energy balance use
can be made of the excees power available when array capability
exceeds the load demand, so a lower minimum array output can be
tolerated. 1In a similar manner, it can be argued that although

the present array does not meet the minimum output requirements

for Case IB above, there is more than sufficient energy available

during the illuminated portion of the orbit to recharge the battery.
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b.s5.2 (continued)

; See Figures 4.5.2.1 and 4.5.2.2. In fact, it may be seen from

the following enalysis that the battery charginé rate required

to maintain energy balance is 1.47 emps and 0.80 amps for Cases 1B
; and 1IC respectively; thus it may not be necessary to increase the
charging rate to the present limit of 2.85 + 0.15 ampe. Using a
lower charging rate would reduce the risk of overheating the

battery and would thus increase battery reliability.
1 ' :

! % In both cases, the battery depth of discharge in lunar orbit

is not as deep ms that for the Block T missions: 36.3% in-

Case 1B and 20.7% in Case ITC. Figure  4.5.2.5 indicates

the battery depth of discharge as a function of battery capacity i
for both cases and the discharges with 12 and 20 ampere hour
batteries, using space qualified nickel-cadmium cells. The

daytime loadé for the two cases are shown in Figure K.S;E.i through.

h.5.2.4,

USE FOR TYPEWRITTEN MATERIAL ONLY

Sumnarizing, the present Lunar Orbiter Power Supply will meet

the load requirements imposed by the two proposed mission event
sequences, without any modification. As in the case of the Block
Y mission, care should be taken to see that the spacecraft loads
do not exceed the array cepability during the firct 0.7 hours

in sunlight of each orbit, or the bus volte~.: may fall below

the minimum daylight limit. This is nost likely to occur during
the photo readout phase when load demands are heaviest, but with
the extended daylight period of the new orbits and the Judicious

choice of readout times this difficulty should easlly oe avoided.

. D2=-100369-1
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4.5.2 (continued)

Pover Subsystem Analysis

Case IB
Orbital Parameters:

Apolune Altitude

s8is

Perilune Altitude
Inclination 33°

3000 Km
98 Km

Illumination at Perilune 60°
Orbital Period 4.69 Hrs.
Maximum Dark Pime 40.6 Mins.

- 0068 Hrs.

List of Symbols:

r -Solar Array Current

Tpa -Battery Node Current

Tpe -Battery Charging Current

1gy, -Current Losses in Charge Controller
and Shunt Regulator

Is ~-Shunt Regulator Current

I, -Charge Controller Current

1, -Load Current at Power Output Connector

Vo -Array Voltage

V ~Battery Voltage

Va -Drop Across Blocking Diode D

Poa -Pover Output

ey -Battery Charge - Discharge Efficiency at
a8 Given Temperature

T -Orbital Period

th -The Night Time Portion of the Orbit

t ~-Time after Start of the Nighttime Portion of

the Orbit

From the load summary of section 3.2.3, it is seen that the basic
load requirements are 106.5 watts in the daytime and 100 watts

at night. The battery discharge current at night is given by:
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L.5.2 (continued)

Ta

Rt T+ T

0.267 + O + Py

2k - 1

experiments is 4.60 amps.

0.267 + 0 + __99.7 = 4.60 amps.

Thus the basic night-load before we add instrumentation for

We may now add the instrumentation and photography power

requirements.
. Instrumentation
Power Required
Watts
Day Night
Full Photo Capebility ox & DCrer
Y LR 9 meter 69.8 15.0
Readout fode 9 2
Micro-Meteoroid Experiment 1.5 1.5
Solar Plasma Experiment 8.0 8.0
Magnetometer Experiment 7.0 7.0
Photometry/Colorimetry Experiment L.o* -
Subtotal 86.3 31.5
*#Does not occur concurrently with readout.
REV LTR  BOEING | Vo B-100369-1
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k.5.2 (continued)

Communications
Power Required
The TWT amplifier and high Watts
gain antenna will be required. Day Night
High Gain Antenna Controllgr 0.5 0.5 .
TWT Amplifier 54.0 0.5
Tape Recorder 9.0 9.0
Subtotal 63.5 10.0
TOTAL 149.3 W 4b1.5 W

Total Battery Discharge at Night

T = 460+ B15W

23V

If ve assume that during orbital daytime Ibd = 0, then equation
for energy balance is:
T t

I Tat = Tpgdt . . . .

tn t=0

Substituting values in equation (1) gives

"14.69 t = 0.68
T
i 1.4t = 6.40L4 at
eb C
0.68 t=0

. (1)
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4.5.2
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(continued)

Integrating the above expression gives

T,

e (4.69 - 0.68) - U4.355 emp hours

In the worst case e, = 1.35 at a battery tempsrature of 35°C

m‘m Ic = h.:éz X lo::é
4.01

= luh 8

This is the minimum charging current for energy balance in

the worst case.

Minimm Solar Array Requirements

The array current required to supply the maximum continuous

daytime loads, charge the battery and supply subsystem losses is;

L= L +1 +T+Tn e e (2)
In the "off" mode I, = O amps
I, = l.l&"( amps
IpL = 0.267 amps

and I, = 106.5 + 149.8 . gggg = B8.7LTA

Va

NOTE: VQ = Vb + Vc
20 x 1.4k volts/cell (at 35°C) = 28.8v

U‘<
]

<
Y

0.5 volts

28.8 + 0.5 = 29.3 Volts

&
0
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4.5.2

(continued)

Substituting the above values in equation (2) gives

Ta = B8.7T47 + 147+ 0+ 0.267
The minimum required power from the array
Pp = T, V, = 10.484 x 29.3v
= 307.2 watts
Battery Depth of Discharge

The battery discharge current at night was shown to be 6.40L
amps. With a maximm dark period of 0.68 hours, the battery

discharge 18 4.355 amp.v hours, or a 36.3% depth of discharée'

for the 12 amp-hour battery.

Case TIC

Orbital Parameters:
Apolune Altitude 3000 Km
Perilune Altitude 46 Km
Inclination 459
INumination at Perilune 90°
Orbital Period 4.64 Hrs.
Maximum Dark Time

= 0.4k Hrs.
Analysis

Power Requirements: The basic load requirements are 106.5 watte

in the daytime and 99.7 watts at night.

27 .44 Mins.
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4.5.2 (continued)

For Case IIC, the instrumentation and photography power

requirements are as follows:

Instrumentation
Power Required
Watts
Day Night
HR 1 meter
Full photo capability 1p 8 meter readout 69.8 15.0
mode

Radio meter experimeat 5.0% 5.0%
Infrared experiment e 8.0%
X-Ray Fluorescence experiment 2.0%% --
Photometry/Colorimetry experiment e -

Subtotal 69.8 15.0

# The Radiometry experiment will be initiated approximately
L minutes prior to crossing the terminator and will be
terminated approximately 4 minutes after crossing the
terminator. The IR experiment will be initiated approxi-
mately 4 minutes prior to crossing the terminator and will
end at the terminator.

#* Does not occur concurrently with readout.

Conmunications

The TWT amplifier and high gain antenna will be required.

Power Required

Watts

Day Night

High Gain Antenna Controller 0.5 0.5

T™WT Amplifier Sk.0 0.5

Subtotal 5.5 1.0

TOTAL 124.3 16.0

REV LTR _BOEING | N 12-100369-1
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L.5.2

(continued)
From Case IB it is seen that the basic nighttime load current

is 4.60 amps.

Total continuous battery discharge at night.

r = ""060 + 16"
vd v

The equation for energy balance, assuming Tpa = O during orbit:al_‘
daytime, is: | R

The last factor on the R.H. side is the discharge attributable to
the IR and Radiometry experiments during orbital nighttime.

Again, in the worst case e, = 1.35 at a battery temperature of 35°C.

b
Substituting values in equation (1)
L.64  0.46
- I, dt = .3 dt + 0.0k
1.35 e 5.3 + .
0.46 °
I,
e (b.64 - 0.46) = 2.44 + 0.04 amp hours
1.35
Ic = 2.8 x 1.35
T IS amps
= OGBO 8_1!!28

1 T t ' | 2
- = W , '
o 1.4t | 1md§ +(%%7 = 0.07 h;-;)A ‘~”’-'.".;’7‘(1‘f)’ s

tn o » . : i ;
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h.5.2 (continued)

Minimum Solar Array Requirements

Ia = IL+IC+IB+:RL

= 106.5 + 124.3W + 0.8 + 0 + 0.267
29.3v

« 7.877T + 0.8 + 0.267
= 8.94l4 amps

The minimum required power from the arrey
P = T, V, = 8.94kx 29.3v BN

= 262 Watts N

Battery Depth of Discharge

The battery discharge at night was 2.48 amp-hours, or 20.7%

depth of discharge for the 12 amp-hour battery.

4.5.3 THERMAL CONTROL
The Case IB conraiguration will provide the same component thermal
enviromment as the existing Lunar Orbiter design with the
exception of the command decoder. The command decoder would be
subjected to a minimum temperature of -15°F instead of its present

minimum of +10°F.

Because of the increased apolune and perilune altitudes, incrcased

inclination and location of orbit perilune the mission design will

subject the equipment mounting check (EMD) continuously to exposure
to sunlight for the first six days in lunar orbit. The present

design of the spacecraft thermal control limits the power loads to

REV LTR _BOEING ‘ NO. DR-~100369-1
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h-s.s

(continued)

110 watts under the above conditions. A modification in

the EMD exterior paint would improve the spacecraft capability
vith respect to maximum power load capability under 100% sunlight
conditions. As can be seen by reference to Figure 4.4.0.16 tne
photographic sequence, with an associated power output of 179
watts, is scheduled to commence at 3 days after orbit injection.
Photography and f£ilm processing, requiring a total power load

of 204 watts would be carried out prior to the time when spacecraft

-sun odcultation occurs. BSolar energy imput to the EMD would be .

reduced during the photography sequence by approximte]y 15%

T due to N solar incidem 33% vita respect to the dock This

attitude can be maintained as long as necessary during the remainder
of the or_bit vhich will effectively improve the spacecraft themalA
capability. Furthermore, if the above solar energy reduction in
conjunction with an BMD exterior point change does not provide
sufficient capability a deliverate maneuver, orienting the IMD

away from the sun for a period sufficient to restore thermal balance

can be executed at some penalty in attitude control gas.

As the Case IB missiodprogreases the sun occultation time(s)
approaches the current design limit of 80% of orbital time in
the light under a maximum power load of 250 watts. Additionally.
as can be seen by reference to the power subsystem analysis in

section h.5.2, a constant load of 250 W is not contemplated.
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4.5.3 (continued)
The Case 1IC mission results in an average of 91% of orbital
time in the sun. This is 11% in excess of the maximum current
design time of 80% under a maximum power load of 250 W. It
should be noted that, by reference to the power load analysis,
that the maximum power load of 250 W is limited to 16% of orbital
time prior to completion of the 30 day reconnaissance mission and
32% during the retransmission of film data after 30 days. Further-
more, during a period of 9% of the orbit the solar energy input
1s reduced by 29% due to misalignment of 45  from the sun due to
experiment orientation requirements. The above misorientation
can be maintained for a longer time, as required for restoratlon

of thermal balance, without penalty in attitude control gas.

In summary, both of the above configurations and missions indicate

a need for improvement of thermal capability of the spacecraft

for high orbit inclinations. This improvement can be achieved

by elther exterior paint change or deliberate misalignment from

sun orientation or both if necessary. Detailed computer analysis

will be required to determine the extent of modifications required.
This should be carried out when more precise experiment definitions,
including their power dissipation, thermal control and solar shielding

requirements, become availsble.
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5.4

k.5.5

‘three launch days per month are available for each one of the miésions.

VELOCITY CONTROL

The parametric trajectory design data of Section 3.2.1 used

in the definition of mission profiles for Cases IB and IIC was
verified by detailed trajectory computations. The data of

figures 4.5.4.1 and 4.5.4.2 present the velocity requirements

as a function of longitude of arrival for May and July of 1967.
The superimposed horizontal lines represent the available velocity:
increment after budgeting of 117 m/sec. for mideourse error » ;
correction, injection error correction, specific impulse degrﬁdé#ion,

finite burn time and propellant off-loeding. It is %o be noted that

This should in general constitute an operationally acceptable launéh
period. The abscissa of Figures 4.5.4.1 and 4.5.4.2 represents a
measure of waiting time in orbit when an experiment is to be rerformed
at a specific longitude in the near equatorial region. The con-
version can be achieved by differencing the arrival longitude and ‘
target longitude and dividing by the rate of rotation of the moon

(12.6%/day).

In the case of the Case IIC mission the mapping mission would be

initiated at an approximately 80° Easst longitude.

ATTITUDE CONTROL
An analysis of the mission profiles shown in Section 3.2.2 was i
carried out in order to determine the extent of attitude control

subsystem modification requirements. The two mission-configuration

profiles pose a problem of providing sufficient attitude control
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L.5.5

(continued)

gas budget for an extended life mission which can be solved

by several alternate means.

The Case IB configuration represents an average increase

of moments of inertia of 2.6 relative to the present spacecraft
configuration. The moments of inertia for this case are shown

in Figure 4.5.5.1. If the current spacecraft maneuver retes

were to be preserved a proportionately increased nitrogen gas

flow rate would be required. The increased flow rate would
require thruster size and regulator modification with the

possible additional modification of supply line due to pressure
drop under increased flow rate. These modifications would require
investigation in greater detail. Assuming the above modifications,
an increased nitrogen gas capacity would be required for the Cnse
IB configuration and its assoclated mission. This is shown by the
tabulation of Figure 4.5.5.2 which states a requirement for 24.78
pounds of gas, relative to the presently available 10 pounds, for
the specified mission followed by an extended mission life-time
of one year. The above nitrogen gas increment, of 14.78 pounds,
would require a spacecraft weight increment of 38.5 pounds because
the tankage weight can be estim ated at 1.6 times the nitrogen
weight. Weight, increments associated with extended lifetime
requirements of less than one year can be estimated by reference

to Figure 4.5.5.3.
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CASE IB ' ISSI(N

REACTION CONTROL NI'TROGEN WEIGHT BUDGET

NITROGEN WEIGHT - 1.BS :
DASTY VEIIICIE SCIENTIFIC VEIICLE |
MISSION PHASE FTITEN T TOTRL T ITTEN . TOTAL
PHO'TOGRAPHIC MISSION
1 Initial Acquisition .22 .57
ga Trenslunar Coast .06 .16
3 Midcourse Maneuvers
gag lst Midcourse .1h .36
b 2nd Midcourse .18 A7
h Initiel Orbit Injection 1 .36
5 Final Orbit XFR 09 .23
6 Photo Maneuvers (12) 1.19 3.10
T Photo Transmission (10 days) L6t 1.80
8 Lunar Orbit Coast (17 days) W2 .31
9 Celestial Reacquisition b 2.20
10; Disturbances Jdh .70
(11) R/C Cross Coupling .0 .52
Photo Mission Total L.00 10.78
EXTENDED MISSION
1 Lunar Orbit Coast 1.7 b.65
2) Celestial Reacquisition 56 1.45
3 Disturbances 1.h8 T.40
L R/C Cross Coupling .19 50
Extended Mission Total 4.02 14.00
t
Reserve ’ 1.98 o]
TOTAL NI'ROGEN BUDGET 10.00 2L.78

FIGURE 4,5,5.2
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LUNAR ORBITER SCIENTIFIC VEHICLE
CASE 1 A CONFIGURATION, MAXIMUM

30 1 INERTIA CONDITION
TOTAL WEIGHT PENALTY =N, WT + TANKAGE
=Nz WT + 1.6x Ny WT.
20+
(%]
2
|
vy
<
R
O 10 - AL A s
o)
; BASIC L.O. R/C Ny BUDGET
O
S
0 : ; : } e +
0 2 4 6 8 10 12
MISSION TIME - MONTHS
REACTION CONTROL FUEL REQUIREMENT
LUNAR ORBITER SCIENTIFIC VEHICLE -- CASE |A
FIGURE 4.5.5.3
U3 4288 2000 REV. 3/64
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CAST IB MISSION

REACTIOR CONTROL NITROGEN WEIGHT BUDGET

| SIC_VERICLE
[ TOTAL |

NITROGEN WEIGHT - LBS

N ]
SCIENTIFIC VEHICLE

MISSION PHASE TTEM 10 ITEM TO
PHOTOGRAPHIC MISSION >
1) 1Initial Acquisition .22 .57
2) Translunar Coast .06 .16
3) Midcourse Maneuvers
(a) 1lst Midcourse Ak .18
(b) 2nd Midcourse .18 2oh
L) Initial Orbit Injection b .18
5§ Final Orbvit XFR .09 A2
6) Photo Maneuvers (12) 1.19 1.55
7) Photo Transmission (10 days) .68 1.80
8) Lunar Orbit Coast (17 days) 12 .31
9) Celestial Reacquisition .84 1.10
10) Disturbances b .70
11) R/C Cross Coupling .20 .52
Photo Mission Total 4.00 T.43
EXTENDED MISSION
1; Lunar Orbit Coast 1.79 4.65
2) Celestial Reacquisition .56 1.4k5
3) Disturbances 1.48 T.40
L) R/C Croes Coupling .19 .50
Extended Mission Total k.02 1h4.00
Reserve 1.98 0
TOTAL NITROGEN BUDGET 10.00 21.43
D Maneuver Rate = .27 deg/sec = (half nominal)
Maneuver Fuel = 1.3 x basic (inertia + rete effect)
Other Fuel = 2.6 x basic (inertia effect)
Extend Mission Fuel = 3%3—‘5’-9 = 042 1b/day
Extend Mission = $10:00 : 1:43) . 61 aaye
Total Mission = 91 days
HGURE ho5-5.’+
_BGEING | Mo T2-100369-1
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4.5.5 (continued)
In any case, if maneuver rates are preserved for this
configuration, extended lifetime capability would have
to be attained by a one-to-one exchange of experimental
payload for additional attitude control gas and tankage. The
exchange rate is approximately 3.5 pounds of experiment paylosd

per month of extended lifetime in excess of 1 month.

A preferable slternate approach to the problem of the

increased moments of inertia is to accept reduced maneuver

rates., This would eliminate the necessity for the control

system modifications discussed above but would require a change
in the closed loop electronics to0 accommodate the decreased rate.
The attitude control gas budget would be greatly improved by thig
modification. For example, & reduction of the maneuver rates

by a factor of two would result in a 3-month extended life capabiiity
with a total budget of 10 pounds of nitrogen. An attitude gas ‘
budget under these ground rules is shown in Figure 4.5.5.4 and
other budget distributions can be obtained by reference to
Figure 4.5.5.3. A reduction of the rates by an average factor
of 2.6 would yield the same lifetime capability as the present

configuration.

In order to capitalize on this possibility the mission design
would have to insure adequate time for performing the attitude
maneuver after the spacecraft emerges into sunlight if the
experiment orientation accuracy is critical. In the case of

the IB mission this does not present any problem inasmuch as

[2-100369-1
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L.5.5

(continued) -

surface related experiments were executed. Generally it
would appear that times of 30-LO minutes can be achieved,
allowing a reduction of rates by at least a facter 2:1
relative to the current design, with some care in mission
design. This solution to the problem of attitude contrel
gas budget appears, therefore, to be very attractive for
configurations with high moments of inertia due to boom

deployment and increased weight.

T™he Case IIC configuration preserves the moments of inertie
of the standard configuration. The problem in this case is
the increased maneuver gas consumption due to the increased
number of maneuvers stipulated in this general reconnaissance

mission. The maneuver gas budgeting for this mission is Mo

summarized in Figure 4.5.5.5. It is to be noted that a budget

of only .55 pounds remains for extended lifetime. An additional
5.45 pounds of nitrogen would be required to provide for an
extended lifetime of one year and a reserve ot < pounas. unis
can be assured by additionui ailowance of 1li.3 pounds of nitrogen
and tankage which 1s feasible in the Case XYIC configuration since
a 21 pound total weight margin was found to be available in this
case. The requirement for additional nitrogen would be achieved
by aeddition of manifolded tanks rather than an increase in the
size of the present tank because of volume limitations at the

present tank location.
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CASE 1IC MISSION

B REACTION CONTROL NITROGEN WEIGHT BUDGET

N, WI'. LIS
BAGIC VEHICLE

R MISSION PUASE — ITEM TOTAL
PHOTOGRAPHIC MISSION
1) Initial Acquisition - .22
2; Translunar Const .06
3 Midcourse Maneuvers :
ag 1st Midcourse b
b 2nd Midcourse .18
L Initial Orbit Injection b
; 5}  Final Orbit XFmR .09
§ 6 Photo Mancuvers (L&) 5.28
: 7 Photo Transmission 1.89
| 8 Lunar Orbit Coast 27
§ 9) Celestial Reacquisition .84
i 10; Disturbances 1k
§ 11) R/C Cross Coupling .20
; Photo Mission 'Total 9.hs
]
H Reserve 0.9%
TOTAL NITROGEN BUDGET 10.00

FIGURE 4.5.5.5
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APYENDIX A

LIST OF TYPICAL EXPLRIMENTS
FOR FOLLOW-Oi MISSIONS
oxn |
LUNAR ORBITER
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APPEEDIX B

LIST O EXPCRIMENTS WITH
DESCRIPTIONS
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e 1. CL21 RADIATICN E/FIRDELT
4 relative svundences of
siwu-k0, thoriwa, and uraniua

_—
< L
natural long-iincd radioisoto
and duduecd rediolsotcpas

O‘J ;L\,.ui‘f\."i: Cotermire th
T,

Seicntific sir'niﬁcancc- Irforuotiorn oblained ean Lo compared with
eca relotive sourdance of patural radibisotogzs on the earth Lo obtain
: o::l cilues to the origin and history ol th2 mooa crd the soler system.
ITodeeed ;JulOiSOtO'D» information will indicale scze of the elements on the

WoCh,

Sonat

Ammrosch: Use 1s rode of a sciatillator gomwa ray sensor multi-
w). pulse nzight enalyzer to obtain a measure of the flux and energy
ciotrivation of gonme rays frem the meon valeh can Lo aurlyued U7 newlly
davaelonsd unﬂl:f'u.lt.al computer projrans to ideutily the cacicnts cm:.....in,_.
the rouwnw 1ays and their relative abundances.

Requirements

a. To mininize the background garmma rays from the spacacraft,
the garna ray sensor peeds to be mounted at the end of a btoom of as long a
lenzth as is praecticable.

b. Ideally the croriure of the gorme roy senscor: should be
viltovwed ©o look in the direction of the lupar surface at all times.
Par t.,..ﬂ vicvieg of the lunzr surface as the snacecralt oxrbits the moon
is t.CC.pu‘.'blC.

-

¢. Sinca verlatioans of the gemia rays will reswlt from varying
coacentrations of the radioactive elemzats over the surface of the moom, it
17 dosiravle thot the measuranments Te mede with the sensor ot a rearly fixed
cictance i‘rcn the luner sucface to avoid the intrcduction of on a.nbi(;uity due
to the varietion of gamma rey intensily with aistancc frcm the noon 8 surfacc,
Tazally, a near civcular orbit is required.
Veight - 28 1bs,
*’0"“r - b owatts
Jolung - 850 cu. in.
l'liOL“"“ulO"‘ rate - 500 bits/sec.

2. INMRARED EXCERLLENT
Objectives:
pdb T Adbidod ocded

a. I‘.ap lateral variations of the moon's surface temperature aad’
face temperature grodients across termiaator.
b. Provide informetion about e.cistt.nce end distribucioa of minerals
on the moon's surface.

D2-100369-1
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3-2

ceientifie sisnificance: Murther knovledze sbout the thormol Pronar-
Ccles and ccundnivicn oy rtteriel oa swurfoce of meon.  Informetior cen be
dirgecly coreelated with piciures o regions scenrnzad,

oo e e st
s,

sean a britd wond of wevelensihs o nigh mate, Tho GLOT-
wure o the ingtruarat will cacom_has a {izite arca of the lumer suriace.

nnvrobcn~ ce caa be ﬁ&dc of an infrarcd groating sneetrometer to

)
-
O
&
it
[«
A
s
€1 3
&
&)

Roouirenentse

c. Cztical axis should ve within - 10 degrees of the loczl ver-
v.col vnea meoswrements are made.

L. Instrurent should have urobstructed view of the moon.

b ~

L]
c. Instounent must be shielded froa the sun and isolated therimally
iwon sracseralt 25 test as possible. :

d. TIear cicculer oxtit desired.
e. Ir visual observations ere rotv feasidle to obtein at sore

izclinatica should Te selcc»cd ¢0 insuee scanniang of region photo-
morned previously with plotozravhic Crbltcrs.

v lbs. ‘
3o 8 viutts

Voo - 315,000 eu, inm.

Lnroination rote - 550 bits/sec.

QY]

. BL-SPATIC RAD.’\R SATLRIENT

uo1.ku1vo“- Determine ave

R

corvelation Lunclions altitadc ieas
suunireles ol the 1u~ar surfsee.

, .
rzge radar cross- -cection, surface roughness
arexments, reflcctivity, end dieleciric

.

foorrouchs The sraccersft curries radar receivcrs to detect radar
"x:’, dircetly transmitted frem aigh power rader transmitters on the carth,
weduy clznals from these soame trepsmitiers after reflectioan ot the

(‘l’

coments: The spacecraft corfiguration and etiitude should ellow
RO “g cf the spscified receiving antennas to provide for optiram
vﬂcJQCic“ or th signels.

Veiocht - 5 1bs.
Fowver - 2 vatts -

o2 - 100 cu, in.

xo0ormation rate - 2 XC
20 eps, SCO
L0 eps, SCO
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L. MICROMETZOROID EXFERIME

Objectives:

e. Investigate the distribution and determire the flux, qmnentum',
wpd caergy of microractcoxoids,

b. Determine the presence 62 lupar ejecta perticles.

fonroachs  lMierometeoroid sensors will be used to measure the flux,
rncicntu, . end en crergy of particle incident from several directions.

Recuirements: Unobstructed viewing in direction tovard moon, redially
L1y from mocn, cad at right angles to the normal to the moon's surface.

Vol 27 1bs. (3 arrayc) ~ .
Tod cr - l 5 watts

vVolwse - 9" x 12"/erray (3 arrays)

Toformatioa rete - 200 bits/min.

5. SOLAR FLASMA EXPFERDINT

0b1cct1ve: Study spatial ard temporal variation of the flux and
enersy distribution of the low energy protons and electrous of the pla.sma.
]
\vnrcachs Cherged particle electrostatic amalyzer or multi—grid
higs! ~~..L<1...y c\.p.. °c ‘may ba cmployed as sensors.

Tcavirerents: Spinding vehicle desiratle to provide full 360° sweep.
I stabilized non-epinner is used, spacecraft needs to accommodate several
identical sensors, one criented alorg the lunar redius vector looking toward
luner surfece, arother looking along opposite direction. One or more detectors
ot scveral acsles to lunar radius vector are desirable.
&

Vzight - 12 1bs,
Dover - 8 watts
Volume - 300 cu. in.

iolormation rate - 500 bits/sec., Sample rate - 0.09 sec.

6. MAGNETIC FIELD EXPIRIVENT
Objcetive: Investigate megnetic field in vicinity of the moom.

Avoroach: Utilize one or more magnetometers to measure the intensity
end direciica oi’ the mav.:etic field.

Recuirements:

‘w.

a. Mounting of magretometers at end of toom soon after injection.

DR-100369-1
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b. Magnetically clesn spacecraft to insure field of one ganma
=% distoencs of 20 feet frcm spacecraft,

Leisht - 12 s,

Jowizs - T wattbs

Voliniz -6 cu, in.

Lnforanavicn ruate - 1C0 Ditu/uc~¢

7. PHCTOMETRY/COLORIMETRY EXFERDENT

Cbicctives: Determine variation of the photometxic function and color
of luner suriace material,

:icrtific ”i?nificance: Provide additional infbrmation about the
ost layer of surface meteriad oo well as
'ive 25es o..ovcrljmU ne uerlgl .

Arproceh:  Use of photometer and a color wheel photosensing device.,
Cerrelote infomeation with photographs of areas investigated,

Deoulrenents:

a. Sensors should lcck toward lunar surfoce.
b. Scpsors should be shielded from direct ernd reflected sunlight.

izht -, L lbs.
wer - Lo vatss
Ybluxc - 200 cu. in.
nioranatioa rate - 500 bits/sec.

8. N-RiY FLUORESCENCE EXPERDMENT
Oo

jectives: Deteot the relative abundence of iron and nickel om the
lunor suriace '

°
.

Amproech: .Use is made of vroyoriional counters to monitor the X-rzy
miscion from ohe sum which excitcs the iron and nicitel atoms end to detect
M K=oy Tluorescence from the luner suwrface. The signals are processed by

ralii-channel pulse height analyzer.

Roegquircements: Tuo pronortion_l counters must be mounted so that one
iz leoking ot the sun when the otlier is looking toward the moon.

Vieisht - 18 lbs.

Power - 2 wolts

Volume - 64O cu. in.

~n;.oma*ion rete - 250 bits/sec.
54,000 bits/sec.

D2-100369-1
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9. RADIOUETCR EXFERDENT
Qbicevives: Ietermnipe lurar swrfece thermal gradients.

Scicntidic significonce: From a measure of temperature gradients
se2 dnloomation sbout ths layering of meterial on thc moon's surfnce cam bo

owoslined,

fnmroach: Two or more microwave radiameters operating at discrete
“requoncics moaitor the intensity of the signals. Those 8ignals origirnate
at diircr2nt depths bereath the surface thereby &iving an indication of the
wamsrature as a I\a:.ctigm of depth.

Requiromesta: The antencas of the radiometers should be pointed in
T directioa of tha luzer surface. .
Veisht - 6 1bs.
Dover - Y vatss
Yolune - 500 cu, in.
inrorpation rete - 500 bits/sec.

10. SILENODESY EXPERIIERT

Objcctive: IDetermine the shape or figurc of the moon, the distribution
Ol niss within the noon, end the gravitational field of the moon. .

Aoovroach: Use is made of the very eccurate range and raage-rato
tweeking &8s to determine the shoxrt and long period perturbations in the -
cal elenents of a Lurar Orbiter. Use is made of sophisticated computer

rams to obtain ths desired information.

)

SR
s
Vo

or
B

Requiresnents: . '

a. Yo spacial, instrunients or hardware ore regquired.

b. 0Oibits showld be elliptical (approximately .l to .2 eccen-
“ricivy) and have inclination angles covering a range fxom about 20° to 60° °
with cuphasis on 30° to €0° inclinations. -

¢. Tracking for 2 to 3 orbits per day is required during the
'su monvh aiter injection of the spzcecraft into orbit about the meon.
& ¢ initial period, the trackicg cycle will be 2 to 3 orbdbits twice
a weel during the remainder of the active lifetime of the spscecraft.
Weisrat - rone
Pover - none
" Voluwne - none
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A. Title:
B. Objective:

Gamma Ray Spectrometer

To determine the elemental composition of the luner
surface by analysing the gamma rsy spectrum emanating

from the lunar surface.

C. Functional Description:

Several attempts have been made to predict the nature

of the nuclear-radiation emenating from the lunar lurfaée.
Crude calculations have‘been made of the flux and spec-
trum of the gumma radiation from naturul and induced
radiation assuming various models. Although none of
these predictions suggest high radietion levels, it is
conceivable that this radiation may give an early clue

a8 to the elemental composition of the lunar surface,

the extent of differentietion which may take place in

the evoluticn of the moon. If sufficient radiat.on exists
a8 crude mapping of the elemental compositi n and a crude

mapping of the ages of various lunar featuresp mey be possible.

It would seem that this experiment might consist of an
exploratory phase (one flight) to see if a sufficient level
is present for pulse height analysis and subsequent fliyhts

of more sophisticated apparatus if such is the case.

D. Functional Elements:

1. Sensor: 8Scintillation counter with phoswitch, antie
coincident or pulse shape d scrimination.
2. Electronics: Power gupplies, amplifiers and pulse

height analyser.
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E. Mission Requirements:

1.

2.

3.

Circular, polar low altitude orbit stability
Va% 1o 1l sec
Continuous for one month duration

No solar illumination constraintsg

L &5 See E.1

6.

Correlation with high energy solar particle events

F. Experimental Parameters

1.

2.

Measure gamme ray spectrum
Gamme ray cbunter efficiency
1 for .1< Er < 10 Mev
See E.2
Frequency Response
Power Requirements 7w 4 wattsg
Environmental Requirements
a. Sensgor: Constant Temperature
Somewhere between - 20°and +20°¢C
b. Electronics: 0° C to 50O c
Mounting Requirements:
It would appear that gamma ray background induced
by vehicle is negligible for galactic background.
Solar particle events will cause serious problems.
However, it is not apparent that a boom is required,
except for possible desire for orienting detector

toward moon.
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- Underestimated-view of lunar surface

i

Physical Deminsions |
: ’] .
a) Sengor: 6" dla. x 12" long 10 pounds
| | T
b) Electroms: 6" x 4" x }2" . 8 pounds

Sensor and Electronics mey be separated

Data rate: 500 wts/sec

R-100369-1
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Title: " Infrared Experiment _ e o
— ! i A
Objective: &) Map lateral varietions of the o'y, ourtage *’Iﬂ.

and surfice Lesgeraui® gridiwiie heress teruinsten, : :
b) Provide informatiun sbeut e:istense g mtmu <« .
uinepils on ti:e woon's surfuce

Y SRR U

Functional Descriptjon: ' v : o !‘
a) Mechanically mo\ed searning mirror projects infrored, radias “
tion from successive puints on the lunar surface onto a ‘
radiation cooled radiocuster which wsasures the amergy with W ,
lengths primrily in the vieiniv, of 4 uierons. Mirrer scan I £
in one dircction, perpendicular to motion of satellite,
covering a continuous band around the sooun. '

b) To obtain spectral dets concerning watsrials, tie ltmatn." .
mirror is votated inte the direction of estedlite travek “
is synchronised with grownd speed to pyovide a fixed inege

for a second or more. Durtng this period the optisal :
pati passes tnrough a Micuelson interferomster with a s
moving mirror scauning through & wavelsngth band sueh - R o

2 to 15 mierons.

Functional klements: o ""';.‘x o
a) Scanning radioumter is basicully the High hleluuﬂ m
(HRIK) equipment of the liiubus satellite, and uM“N~
Iopr NaSa by I.0. & Uy Labopatories, IV ineludes Lhe u‘l.
with woving mirror assembly, lenses or al-reys, and NS
detector; amd a magnetic tape recarder te ¢ tore dats h' o
radio transaission. : t e
b) Interfercueter spectrouster is similur W Block w‘ :
Model 6, developed for air Foice Cambridge Research Canbor,
An improved version, developed by tne University of ueuun. ,
may be availuble now, Integrating the two hm.w.nh W ~ L
will require soms development, ‘
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E. Mission Requirements:

[P

¢ £ — s g

1.

6.

experinent Attitudes and Stability: sensor must point to

 lunar surface. Jimilur to phutograpnic mission but

stubility tolerance is probably less stringent.

kxperiment time durution:

a) uxperiment is useful ut an; time, duy or nightside, but
particularly of concern near the terminutor,

b) Lifetime requirement: as long as possible until
complete lunar coverage is obtained

Solar illumination constraints: none except as noted under

(2.) above,

Altitude constraints: us low as feasible.

Inclination constraints: nome, polur orbit needed for

full lunari coverage.

Correlation with other experiuents. VYorrelations with medium

resolution cumers is required of : 1. electrom.gnetic spectrum

sensors unless t he vehicle ephemeris and pointing can be

known accurately enough to mutch points on the lunar surface

with maps and photographs from other missions.

F. Ixperimental Parameters:

1.

Measurements

a) Radiance at 3-4 microns as f(t) during scan
b) Spectral radiance during spectruu scan of fixed point.

Sensitivity a) 1° K

b) Z2x 1077 watts em™? micron =%
Dynamic range
°K
a) 150-4,50
b) 2 x 1077 to 107 watts an “micron”

Frequency response
&) 200 cps
b) wavelength: 20 to 15 micvons
Input power recuired 15 w
Environmental requirements:
a) Sensor - free space (radiation cooling provided)

b) electronics - free space

D2-100369-1
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8.
Ge

10.
11.

Mounting requirements. sensor on surface - looking face
of vehicle. '

Unobstructed field of view requirements: % 45° from nadiif

- Physical dimensions

a) sensor: 1" x 12" x 12", 18 lbs

b) electronics and recorder: 4" x6% x 8", 5 lbs
sensor and electronic separability- satisfactory
Qutput requirements ,
a) Data processing and conditioning - self-contained
b) Data rate: 140U bits sec L

c) Data storage requirements: recorder included

»xR-100 -
208 0091
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Clear radiation path
To deep 'space

Interferometer and
Radiometer Electronic

Look direction

Sun
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e Title: Solar Plasma

8. Ubjective: To quantitatively measure the energy, flux, direction, and time
variation of the solar plasma in the vieinity of the moon.

L. Functional Description:

Considerable evidence exists today that there is a flow of
electrons, protons and alpha particles outward from the sun
known as the solar wind. It is known that the flux of protons
is between 107 - 109p em 2sec™t with energies in the 1 - 10

kev range. The flux and energy are functions of solar activity.,
Less is known about the electrons of the plasma and it has been
speculated that alpha particles are present in the wind. Much
of these data about the undisturbed solar wind has been obtained
from plasma probes on Mariner II and Explorer XVIII (IMP).

From measursements on IMP and various Diacoverers, the results of
the interaction of this wind with the geomagnetic field have
been partially determined. Evidence of a similar interaction of
the wind with the moon has been suggested by measurements on
IMP in which a perturbed magnetic field has been associated Hith
a "lunar wske."

Plasma probes aboard the Lunar Orbiter will expand our information
about the solar plasma, particularly in terms of particle nature,
energy spectrum and direction. In addition, the nature of the
interaction of the solar wind and the moon will be investigated.
This information correlated with magnetic field msasurements

will establish the mugnitude and nature of the lunar magnetic field.

+ Functional Elements:

1. GSensor: Plasma cups (three or four)

DR-100369-1
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2.

Electronics: a) Modulator grid power supply

oscillator, modulator high voltage supply
b) Timer, sequencer and encoder

E. Mission Requirements;

1.

2

Experiment attitude and stability

less than 1° and 1°/second

Experiment time duration

continuous, one to three months

No solar illuminstion constraints<-one solar plasma detector
mounted so that it faces the sun direction

Elliptical orbit; say perigee at 4O n. mi. and apogee equal to
perigee of anchored IMP. Primary interest in equatorial or low
inclination orbit; secondarily in polar or high inclination orbit,
Uorrelate with magnetic field experiments and high energy
particle experiments

F. Experimental Parameters:

1.

o AN T A VS I

8.
9.

Proton, electron and alpha particle flux, energy spectrum,
and direction.
J< energy bands, over energy range of 30 - 10,000 electron volts

o - 1010 particlel/(cm? sec,)

Particle flux range 1
Frequency response ?
4, watts power
Environmental response
a) sensor temp. 1’ ¢
b) electronics 0° tamp 50° ¢
Mounting Requirements
a) one sensor pointed toward sun direction
two sensors 90o frouw sun direction in opposite direction
(180°). Must be outside thermal shroud.
b) electronics on vehicle base plate
Unobstructed field of view

Physical Vimensions

a) sensor 2 pounds each 6" diameter 4" deep
b) electronics 5 pounds 6" x 6" x 6"
D2-100369-~1
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10, Sensor and electronics may be separated by several feet but
will require high-frequency coaxial cabling |

11, Output Requirements
Storage would be required for time behind moon. During scan, 32
channels per minute (each sensor sampled sequentially) with
16 increments per channel give a bit rate of 128 bits per minute.

D2-100369-1
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Title:

Objective:

Magnetic Field Measurements

Measure the magnitude and direction of the lunar magnetic field,

Functional Description:

Recent measurements made with magnetometers on Explorer XVIII
(IMP) have mapped the interplanetary magnetic field and hait
defined the magnetohydrodynamic shock wave of the Earth and
its magnetosphere. In addition, some observations have been
interpreted to indicate a magnetohydrodynamic wake of the moon.
The implication of this wake is a posuible wmugnetic field of
the moon. The question of whether this is an intrinsic or an
induced mignetie field has not been answered theoretically
or experimentally. So far, the direct measurements made by
Lunic II indicate that the field, if it exists, is less than
30 gamuas at 55 km from the lunar surface.

Since the interplanetary field is assumed to be in the order of

2-4 gammas in magnitude in the vicinity of the moon with a

direction approxiiately 5° - 10° from the sun line, a vector magneto-
meter having a sensitivity int he range of 1 - 100 gamma would be
appropriate for the Lunar Orbiter ( min. altitude = 40 n. mi.)

A significant observation to be made, in addition to the magnitude
and direction of the lunar field, is a survey for possible tur-
bulent fields of the "lunar wake" and the interaction o{ the

earth wake with the lunar magnetic field. 7The latter two measure-
ments require appropriate orbital considerations. The significant
requirement for all the magnetic measurements is that the
magnetometer be isolated from vehicle~induced fields. This
requirement puts an upper liuit on the vehicle-induced field

of ubout 1-2 ygamma at the location of the magnetometer and, in
turn, seversly restructs venicle design, manufacture, and payload.

DR-100369-1
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D. Functional Elements:

1.

Sensor: Helium vapor magnetomster (Mariner IV) measuring

Qx, By and Bz

Electronics: current supply for coils, sequencer, amplifier,

and 50 Me RF oscillator.

E. Mission Requiremsnts:

1.

2,
3.
L.

Know the orientation of vehicle within + 1° and be
stabilized to 1°/sec

Continuous, one to three months

No solar illumination constraints

Prefer elliptic orbit: 4O nautical miles perigce to apogee
equal to perigee of anchored IMP. First equatorial or
lower inclination orbit, then solar high inclination orbit.
Correlate with plasma experiment .

Magnetic field background (vehicle) less than a few gamma
(1 gamma (¥) = 107 gauss); see experiment functional
description for interplanetary field.

F. Experimental Parameters:

1.
2.
3.
L.
5.
6.

7.

Measurements of magnetic field in three perpendicular axes.
Sensitivity: + .57

Dynamic range : 0 - 200

Frequency response 7

Power input 7 watts

Environmental requirements

sensor & electronics -20 to 55° c

Mounting Requirement.s

The mounting requirements (length of boom) will depend on

the magnetic field of the spacecraft. Since the spacecraft was

not designed for conducting magnetic field measurements,

it is very likely that such measurements cannot be carried.
out on the spacecraft; i.e., the boom may exceed space
system capabilities,

D2-100369-1
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8.

10.
1l.

No field of view requirements

Physical Dimension

sensor and electronics 150 cubic inchee

weight 7.5 pounds

Sensor and electronic separability not desirable
Output requirements

data rate¥30 bits/second

with storage for time pehind moon

DR2-100369~-1
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A. Title: X-Ray Fluorescence
B. Objective: To measure the il and Fe content of the lunar surface,

C. Functional Description:
There is a possibility of detecting the rresence of exposed iion

and nickel minerals on the lunar surfacc through measurenemts of
solar-X~ray-induced X-ray fluorescence. Considerable informat ion
on the fluorescence of various mineruls has been obtained in the
laboratury. The K, L, and & shell series have teen meusured for
iron and nickel, The known X-ray emission by the sun during
disturbed periods suggests that detection of X—ray'fluorescencﬁ
of the lunar surface is feasible. 4 study will be recuired to

determine the irequency runges excited by the solar X-rays.

Two detectors would be recuired to carry out this exporiment;' One,
monitoring the sun, measures the intensity and frequencies impinging
on the lunar surface; and a second meusures the intensity, frequency,

and location of induced radiation emanating from the lunar surface.

D. Functional Elements:

1. Senscors:

One sensor geiger counter operating in pruportvional region to
monitor solar X-ray svectrun. One or more sensors to analyze
X-ray spectrum from lunar surface. I'he sensor(s) looking &t
lunar surface should consist of a set of slits, a crystal, and
a geiger counter operating inthe proportional region.
Electronics:

High voltage reguluted power supply wupiifiers and nulse height

amplifiers.

E. Mission Hequirements:

1. Circular orbits at low altitudes anc at low inclinutions.
Stability .Ul degree/sec. (?)

2. Continuous so thut background (coswic radiation and other noise
sources) could be determined.

DR-100369-1
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Solar illumination required during weasurements.

See E. 1.

See E. 1.
Could be correlated with nigh energy particle experiment,

kxperimental Parameters:

1.
2.
3.
L.
5.
6.

9.

10.

Measure incident and reflected A-ray specira.
Sensitivity ?  depends on outcome of study.

Dynamic range: K, L, & M series for Ni and Fe ~0.85 to LU Kev

_ Frequency response: ~1 to 2U R (wavelength response)

Power requirements: w5 watts

Environmental requirements

sensors:

a) sun monitor: 0°C<T <L100°¢

b) X-ray spectrum analyser: 20°C + 5°¢

¢) electronics: 0°C &T & 5°

Mount ing

a) Solar monitor looking in sun direction

b) Spectrum analyser looking at woon

Undisturbed view of moon and sun

Physical Oimensions

a) Sun monitor:2" dia., 6" long, 1 pound

b) X-ray spectrum analyser: 3(U cubic inches, 10 pounds

¢) Electronics: 250 cubic inches, 5 pounds

Sensor and electronics separability: 3Solar monitor can ue
separated from X-ray spectruw analyser and esch from the
electronics but high voltage cable must be provided to euch.
Output requirements: V

data rate: 250 bits/sec to 54,000 bits/sec,

Data rate behind moon will be less una storage required unly

for this amount.

D2-100369-1
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) A, Title Microwave Radicmetry of Lunar Surface
: B, Objsctive: Determine temperatures at various depths by ise of different

microwave frequencies

G.o ranebzonal Description:

Several experiments have detected various long-wave-length
r~diation from the moon., These measuresments provide some idea

of the thermal gradient below the surface.

fxtension of these measurements tc frequencies which cannot be
used for earth-based experiments because of atmospheric absorption
and scattering should be conducted on the Lunar Orbiter. Such
measurements along with the grester accuracy sllowed by the
praximity tc the lunar surtface should provide the basis for a
better understanding of the thermal gradient and its time

variation.

The power radiated from the moon depends on its temperature and
emissivity. The temperature, measured when an antenn~ ionks
into a semitransparent and lossy medium, will be determined by
the temperature at aporoximutely one skin depth below the sur~
face. Thus, a measurement of temperature at different microwave
frequencies can give the temperature at varying depths near the
lunar surface since the skin depth is inversely proportional to
the square root of the frequency.

A crystal video~type receiver with the standard Dicke comparison
radiometer circuit was flown on Mariner 2. This radiometer
operated at two wavelengths of 13.5 and 1Y mm, chosen because of

. expected transparency or opacity of the Venusian atmosphere.
A parabolic antenna of 48.5 cm (19") diameter was required to
obtain the desired resolution of Venus from the expected miss dis-
tance of the order of 10,000 to 30,000 mi. A somewhat similar system
is appropriate for the Lunar Orbiter. A wider survey of fre-
quencies is desirable, but less angular resolution is necessary

because the LO will be much closer to the surface. Thus, center

DR-100369-1
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D.

E.

F.
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rrquoncies of 3mm , 1 cm, and 3 cm would be chouenZWith
either 3 mm and 1 ¢cm or 1 cm and 3 cm on any one vehicle.

The emission at these frecuencies will be picked up with a
10-inch parabolic antenna and converted to temperature with a 4
Dicke radiometer. Reference horns looking at free space will
provide a calibration signal. The system design iollows the
Mariner 2 experiment with appropriate modifications for |
change of frequency and angular resolution.

Functional Elements:

1. Scanning parabolic antenna

2. Reference horn antenna

3. Receiver (crystal or superhet with klystron local oscillator)
4. Dicke radiometer

5. Power supply and servo control

Mission Requirements:

1. Secanning parabola must see moon over illuminstion angles
from vertical through terminator intoc dark side.

2. Parabola located on moon side of LO over reasonable fractibn
orbit

3. Stability 1° over periods of A 4O sec.
4. Experiment senses over ~125° are per orbit

= _%2 ~35% of time
360

5., Lifetime ~~1 month

- 6. Altitude < 100 wmi. desirable

7. Inclination - Polar or high latitude eventualiy provides
more information

8. Correlate with other mapping experiments
optical, X-ray, IR, etc.

Experimental Parameters:

1. Measure temperature

.. Power received by antenna

a k AL

where k = Boltzmann constant

T

Af = receiver bandwidth

D2-100369-1
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2. Sensifivity at various positions and look angles

. {‘s
‘g‘

Ta + Tr
§T =0 ===
A Te+~

3 - where C = constant of order of unity

v

B = predetection bandwidth ~ 10" c.p.s.

T’ = receiver post detection cveruging time ~o40 sec.

Tr== inherent noise of receiver
Typically, Tr>)‘ra. Hence

§1~10° is to be expected
3. Dynamic range
T, trom 100° K to 400° K
4. Frequency response?
5. Pwr. requirements. Avg. 4 watts. Peak 9 watts.
6. Environmental reyuirements
Tewp 4650 ¢ for electronics
Avoid meteoroid penetration of antenna
7. Mounting
Antenna located so that with 125 scan it can see the
moon &s inuch as possible
5 8. Field of view ~%° x 6° tor 3 cm chinnel. ..6° x G.6° for
3 mn channel

Y. Physical dimensions

Parabolic sntenna <5 ca diameler, ~v5 cm deep
(10m) (=)

Horns ~3 x 10 cm aperture 10 cm long
(1.3" x 47) (4

Electronics volume ~-1/3 ft2
‘, Total weight ~-Z0 lb
10, Detector snould be mounted near anternz for min. luss

1l. Output data rate ~% bits % 6 measur-ments ~.5 Liis,sec
measurement min,

(+ position + angle data)

R-100369-1
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10" diameter
parabolic antenna
and motors

Reference Electronics
horn Package

To Sun
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D.

Experiment:
MICROMETECROID CAPERIMEIT

Experimant ObJectives:

1. To investigate basic characteristics of cis-lunar and near-lunar
metceoroids such &3 mass, spacial and temperal variances in particle
flux and th: mass, momentwn and velocity of the incident particles.

2. To determine the presence and the above-named properties of ilunar

. ejecta particles.

axperiment Functional Description
Particle sensors will be used to measure vurious properties of
impacting particles. Dute trom these sensors will include particle
velocities and the number of pariicles encountered having momenta
larger than certaln threshold levels. This information will be
combined with data describing the location and orientation of the
spacecraft to construzt mouz2ls 0. the meteoroid environment.

Experiment Functional flements: )

1. Seasor
The sensor consists of three detector arrays, one directed towards
the lunar surface, one viewing radially away from the moon, and the
third pointed at riunt angles to the surface normal. Gach array
consists ol two ilniependent detecting areas as shown in Figure 1.
Onc, a standard acoustic impact detector, has a 27 steradian view

of' space and is used to determine the omni-directional Jlux of

particles from the hewmisphere it ic sensing. The detecior consists

ol a metallic impact or sounding board with & piezoelectric transducer

mounted on the farside. The transducer i{s acoustically tuned to #he

mechanical vibrations induced in the plate during impact.

D2-100369-1
225



The sccond detector of each wrray -onsists of a thin roil laminat.
spaced sev:ral inches in front of anotber sounding board, and is
used tc measure particle velocitiss. Average particle velocitics are
determined Ly reasuring the time betwesn particle penetration of
the foil and‘impnct vith’the shielded souncing board. Penetrations
of the foil are detcrmin:d either by det:cting the light flash
produced Jurinz penetration or by charging the foil electficclly as
a capacitor and then sensing 1ts momentary discharge at the time
or penetration. For tac dim:nsions shown in Figure 1, the Raximun
error in velocity mzasurem:nt due to the particle flight p@th‘ndt
teing pafallcl to the -:nsor axis will be lh.j'percent. However,
assuming no perferred particle source direction and that the particle.
passes througn the sensor entrance winagow, over Tu pérCcnt of the
impacting particles witl huve a flight path equal to or within the
median of the moxiwun viewing angle. The velocity error associated
with theso particles will te 3.6 ;;r;cnt or 1less; for 9u percent
of the impaciing parti~i=2s tne flight path error will be less than 10
percent.
2; Electronics
The electronics for each impact detactor chanoel will consist of
one signal-conditiorning amplifier and one or two monostable multi-
vibrators and 3storage counters. Different detector sensitivity
thresholds are oblained {rom various luvels of amplification within
the amplifier. The unchielded detectors will require two counters,
“one with a minimum capacity of 512 counts for bhigh sensitivity,
.

the other with a capacity of 256 counts. The skield impact plates

of the velocity detectors will necd only one counter with approximately
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1.8 counn.capncity due to its reduced sensiéivity and vieﬁing angle. .
Howsver, a counter will also bte reyuired to record the number of
penetrations off the thin folil.- Since thisvelcment will be penetrated
by many smaller particles, the count storage for this sensing

lement will have to be larger, ou the order of 4098 counts. Thé
circuitry for thic sensor will also include an amplifier and nono-

stable multivibrator tor each channel.

Velocity measurements ure accomplished by gating the output of a
5-10 m~ oscillator to u counter; the count is initiated by a signal
Srom the foil penntratlion and stopped by a& signal from the impact
plate or a limiting timer in case ihe purticle doeabnot reach the
plate. The method of catu storage will depend upon the tjpe of
velocity data decired. ‘The average velocity of all particles can ve
obtained from a counter that simply sums the output of the 10 mc
counter, eliminating, of course, the spurious data from particles
that puncture the foil but do nol impact the plate. A more lc.ical
and perhaps the most practical method would be to divide the expected
velocity range into several regions and record the numb2r of particles
Yor each valocity range. This technique will require one counter
for each expected rang:. The ultimale would be to record the velocity
of each individual particle, a technique that would require the use
of a large storage core or & tepe recorder. However, if data on the
apactial distribution of meteoroids are to be gathered, tols last
mathod will be neccessary.
E. Mission Requirennnts:
1. Experimeat Attitude and Stabiliiy:
This vaperiment iz not critically sensitive to spacecraft attistude;

one axis ot the craft must be pointed at the lunar suriace.
R-120369-1
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Eiperiment Time Duration:

This experiment will operate continuousiy throughout the life of the
spacecraft. |
solar Illunination Constraints:

None

tititude Constraints:

lorne

Inflination Coustrainis:

Noue

“orrelation Ruejuirements with other czperiments:

The locatinn and orientation o the spacceraft will bave to be ¥known

ano re~oridaed at the tine ol each impact {: intormation on the spacial

distritusion of the particles is o e deteriined.

Lxperlient laransters

L.

Measurcments:

a. The number o: particles en;ouptered having momenta above 8
crertain threchold value.

b. The averoge v:locity of a portion of the particles encountered.

Sensitivity:

a. Momenta = 1.0, u.o amd U.1 dyne-sec.

b. Velocity

Maximuwn error <& 3C km/sec = 195k

.72 probability error ° 30 km/scr = b
.90 probability error € 30 lm/sec = 10%
Dyuanic Range: '

Not applicable
Frequency: Respon3ze:

Velocity Measurement will require a 10 mc counter.

®-100369-1
228

B

[P S aiuntd B ]

A2 s % s



1G.

11.

Jdownr (npat:
Tmpa;t [stectors = o channels i 250 mw/channel - 1.5 vatts
Velo~lty l{rasurement -
Fhotosensors - 5 channels - 1.25 w/channel - 3.75
Capuscitor - 3 channels ') SU0 mw/channel - 1.5 watts
Tape Recorder 0.7 watts
Total 3ystem 2.C to 6.0 watts
Snvironmental Reguirements:
a. Jensor: - 309 ¥ to 250° F
b. Electronies: 15° F to 1:0° ¢
Younting Requir-mentis:
Lroustic isolation rom spacecralt
Unobstruct2d Fleld of View Re;uircments:
Nominal 2 T steradian unobstructed view in each of three directions.
Fhysical Dimensions:
a. Seasor: .
3 arrays - 8" x 8" x 12" volume each.
5 pounds each
b. Eliectronics
1 package - 6" dimmeter x 8" high Voluue
S 1lbs. including protective case.
Tage Rezorder - 5 pounds
Sensor and Electronics Separability:
No restriction
output Requirements:
a. Dsta Processing and/or conditiouing.

Input channel - each

1 signal conditioning amplifier and 2 monostable oscillators
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Velocity channel - each

2 signal corditioning amplifiers and 2 monostable oscillators
Total = 9 waplifiers, 12 honoctabla oscillators
Lata Rate:
Totel - 20C bits/minute
Data storage Pequirenments
Impact Channel - each . !
1-512 bit counter
1-256 bit cournter
V..locity channel - Average volocity - each
1-128 bit counter .
1-4096 bit counter
1-32,766 bit accumulating counter
Velocity Channcl - six velocity ranges =~ each
7-128 bit counters .
1-095 bit counter.
Velocity Channcl =« Individunl Particle Velocities
1-128 bit counter per channcl

1-4096 bit couater per channel

plus 1 tape recorder for the experiment
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A. EXPERIMENT: PHOTO}ETER-COLORIMETER (PCE)

B. EXPERIMENTAL OBJECTIVES

1. Photometry

Current informetion on the photozetric chearacteristics of the
lunar surfoce, vased on Earth based observations, is limired

to average values for the surface in general and to recent
observations of a limited nurmber of speritic lecations. In

a1l casec, the linta provides an avergg~ over an area limited

by resolution of the zonsor used, and is at least greater than

a square kilometer., The measurementg nade Ly Fedorets(l§ have
been the bacis for expressing the photoretric dependence on
albedo, and the jeometry of illuminatinn, observation, and
surface. Eimer % 3 and Herrimmn, ¢t al, of JPL derived a photo-
metric function hnse? n Fedore%s measureren’, and ;?n overr-
vations of Minneert s Sharonov and Sytinskayn 2} ¢nd others,
as a basie for the preflicht determination of photoiraphic re- |
quirements for the Ranzer photographt. Inter (19uk) Willingham(b)
re-evaluated the work of Fedorets on the basls of the more come
plete work of Sytinskayw and Shararov, showins that appreciable
error and inconsistencies occurred in the data, particularly
under conditions »f high anzle {llumination. Willingnam shoved
that determination of a normalized photometric function by
extrapolantion to zero phuse wes particularly subject to error
because of the extremcly marked change in retlectance as rero
phase 1s approached and because measurerent at precisely zero
phase cannot be obtained from Earth sincc lunar eclipse occurs.
Sytinckays and Sharanov had shown that while the Moon everywhere
exhibits a strong beck-scatter, the phase relationskip varies
appreciadbly for d%ffurent locationaz. Thie wns also ohnerved by
Wildey and Ponn(7).

While the lunar surface exhibits a remarkably uniform back-
scatter characteristic, ri-nificant variation does occur, and
uncertainties remnin in the danta. Photoretric measurement of
surface detail, and the reflectivity at zero phase 1is necessary.
These measurementt can be obtained from an oruiting spacecraft,
which can increase the observational resolution, obtain measure-
mente at zero phase and eliminate the difficulties of observation
and measurement through the Earth's atmosphere,
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Until lupar landing is achieved and surface meagurem=nisg can

be extended to more then a very limited arca, knowled<e of

the detailed lunar topography muet rely upon the interpretation

of photographs. 8&lopes and surface irre-rularities are evident

only as they modify the obLserved brigntness and produce bright-

ness contrasts with the surrounding erea. Determination of such
glopes requires, implicitly, knowled;e of the re{lectance characters-
{stics of the surface in question, not only its albedo, out &lso

its dependence on illumination angzle, line of slght, and surfoce
normal.

Photographs fror umnanneda spacecraft caniiot provide precise data
on absolute brishtness of the lunar surface becnuse of uncertain-
ties in the film erposure ori.inatin: in diutier error. Pre-
exposed edge data provide jooa control of the modifications of
image density relationships inherent in the processins, scanning,
transmission, and reconsiruction ot the photographs. Direct
photometric mcasurements will, now:ver, provide the necessary
calibration if made in conjunction with the photographs so tnat
direct comparison of the brightness of specific areas under
identical illumination can be made.

Colorimetry

Color or color differences on the Moon are slight aud rarely

can be detected Ly direct visual cobservaiions. Coler differences
rave, however, been denonstrated Ly instrunental meansurcments.
Wildey and PohnlT) nave made measurenepts ol 25 locatlons ucing
the UBV system of Johnson and Morizatn ”?- They show a B~V vari-
ation ranging from 9.820 magnitude 8 r Aristarchus to 0.919 magzni-
tude for Proclus. Gehrels, et 31,(5 have also investigated color
variation on the Moon, and appear in general agreement with Wildey
end Pohn although some differences are present. Gelhrels has shown
that color 1s somewhat phase dependent ond that brightness is also
apparently related to solar activity. He alno shows that color
differences are widespread and that the color differences occur
across rather sharp, well defined boundrries rether than a gradual
blending. This latter observation appeers to be of major signifi-
cance with respect to variability of the physical charecter of the
surface since it implies & difference in composition, origin,
formation, or age.

Color measurements will provide a significant contritution to the
determination of surface composition and character. taximui eur-.
face resolution and accuracy of spectral data compatible with
gsensor capabilities and limitations will enhance the value of the
colorimetry by limiting the averaging effect over the surface and
providing controlled spectral information.
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FXPERIMENT FUNCTIONAL IESCRIPTION

The PCE shall measure the intensity of the reflected light in two

(2) spectral bands within the visible spectrum, and tie total re-
flected light within the visible spectrum (400 to 700 millimicrons)
while scanning a strip on the surface cxtending to both sides of

the orbit. The functions of scanning and data encoding shall be
contained within the PCE and shall be synchronous with the spacecraft
clock. A unique identifyiny marker shall be gencrated as part of the
data channel output to mork the start of ench cross track scan.

EXPERIMENT FUNCTIONAL ELEMENTS

All functional elements shall be included within a single package.

MISSION REQUIREMENTS

1) The required attitud~ and attitude stability will be a function
of specific mission requirements. For mnost possitl~ missions
tie existing attitude system 1is suiflcient.

2) Experiment Time per Pass and Totsl Lire
Depending on the wvalues of sun angle and vicwing an-le over
which data is to bc obtained, the time per pass will range from
o fev minutes to atout 100 minutes.
The lifctime chould be suffici=nt ro allow nensurers-nts at any
point on the lunar surface within the latitude lirnits established
by the orbital inclination, i.e., approximately 2¢ dnys in orbit.
3) Solar illumination constraints - none.

L) Altitude constraints - none: resolution will be limited by the
data rate of 500 bits/second.

5) Inclination constraints - none.

6) Correlation Requirements with other Experiments:
The data must be correlated with the photoyrnphic drra., This
requires accurate time-tagging and & meilhod of recanstructing
the data into an image on film or a display (noun-real time) for
accurate correlation with the photographs.
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EXPERIMENT PARAMETFRS

1)

4)

5)

7)

8)

9)

10)

Mrasurements

Three (3) channels of U bit birary coded lorarithriic datas
representing the intonsity of the reflrnted 1isht in each of
the spectral regions.

Sensitivity

Ten (10) ft.-lamberts

Prmamic Range

Ten (10) to 5,000 ft,.-lamberte

Accurncy 4+3%

Frequency Response

Twenty-one (21) measurements/secrnds

.

Power Renuirements

Four (4) watts (operating only)

Favironmoninl Requirements

Present 10 specificntions, rate of chance of temperuture less
than 10°*/hour.

Mounting Reguiremcnts

Must accurately mointain alignment to IRU.

Field of View

Highly dependent on apecific mission requirenents, assume &
cone 20° in dismcter centered on present camerc ox.is.

Physical Dimensions

Four (4) 1lbs., 200 cubic inches

Sensor and Electronics Separability

Not recommended.
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F.

OQutput Requirerents

a)
b)

c)

Must receive timing pulses from spacecraft clock

Data rate - 500 bits/second

No data storage required 1 telemetry subsystem can
support the 500 wit per second rate

, D¢ -100369-1
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Sub Jeet: Bl Static Radar Implementation for Lunar Orbiter Rlock II

Rei'erences: 1) DBeckmonn and Spizzichino, "The Scattering of Electro-
magnetic Waves from Rough Surfaces”, Tae MacMillan Co.,
1903

2) J. V. Evans, "The Scattering Properies of the lunar
Burface at Radio Wavelengzths”, Lincoln Labd Rep. 3G-004,
1961

3)  Skolnik, M. I., "Introductior to Redar Bystems", McGraw
H11l Book Ccmpany, 1902 :

4) Dickey and Craig, "Bistatic Correlat G Radar for Velocity
Sensing in Epacecraft”, Journal of Spab«.{raft, Vol. I,
NOo 5' ppo 5%‘512

L .
~
N
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5) IDR-100310-1, "Commnications Subsystem Anal\ysis\\\ S

AN

A. Experiment: Bi Static Radar

B. Experimental Objectives: The relative complex dielectric constant for
Earth, € ,*, has been found to be

t’ - —.L.— _60.ll 7’

e Q—O

wvhere & is the dielectric constant, E 16 the dlelectric constant of free
space, o~ the conductivity in mho/m“tcr, and A the wavelenzth. The re-
flection coefficient for horisontal polarization, Rb: and vertical polari-
mtion, Ry, similarly 1is given for a swmooth earth by

Y cos ¥ - VY2 - Singy

Y cos 7 + VY - 6inly

+
Ry

- cos ¥y = VY2 - ninl
Ry = cos ¥ + VY - Siné;
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VR
vhere the normalized adaiztance Y is equal to X nJ%ﬁ%:“ y Adp the
nusnetic permenbility of ta: Earta (usually assumed equal to unity)
and y 1o the grazing angle (complement of incident angle) of the in-
cident wave relative to the reflecting surface. It 1s reasonable to
assune that similar relations exist for the lunar surface. Unfortun-
ately, privr to lunor Orbiter, the only pethod available for determining
the lunar dielectric constanis, rodar cross sections, and reflection
coefficients, consiste of analyzing the backscatter signal of Earth
tased wonostatic radurs.

The Lunar Orbiter can, without extensive redesign, be mwodified s0 as
to measure the reflection and scattering coeificients. This data will
pernlt the determination of tnc lunar dielectiric properties, surface
roughness characteristics or correlation functions, and possibly the
radar cross section area as a function of height. In addlitionm, this
data can be used for verifying the validity of many of the existing
theories and models assuned pertaining to the properties of the lunar
surface.

Srxperinent Functional Description

Reflection coefficient: Thr reflection coofficlent can be weasured
with a small low gain antennn pointed towardsg Earth and a fixed high
gain ontenna orlentated towards the lynar or ~eflecting surface. This
reflection coefficient may be expressed bY:

(Rs)rms = P R,

Tlas

vhere (Rg)ppg 18 the rms mnenitude of the reflection coefTicient, and
P Lo the coefficient accounting for the surface {rregularities, axnd

Ry, 18 the reflection coeificient for a smooth surfece. Dota the direct
and e reflected aicnol power will be trensuitted to IGIF where thelr
ratic (refiection comfficient) can be obtoincd. The directivity of the
high o2in antenna shall be used to separate the directec from the re-
flected waves.

Dielectric Properties: The dielectric properties of the lunar surface
con be ootained from the reflection coefficlent. For both normal inci-
dence and reflection, the reflection coefficlent as described in Bection
B 18 equal

NY~1
JYa

R
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Sincc the dielectric constant genernlly is a complex quantity depend-
ent on frequency, it can be obtained from the above relation by making
mrasuresents at two discrete frequencies. This would require either
tvo front ends or receivers in the catellite.

The monitored data for this experirent would be transmitted to ISIF over
the hirh power S-band lint. If more copnistication ir desired, the dielece-
tric propurties can be obtained by cenitorin: the Jdepolarization effect

of un incident wave of kncwan polarizntica. hic would require a precise
knowledre of the incident wave, and the nmrasurczent of both the reflected
horizontally and vertically polarized waves.

Surface Rowroness: Tue asurface rowghness as a functiou of orbit can be
obtained from the varintions {n the reflsction coctficlent as a functdon
of orvbit. However, thie actusl irrc:ularities and surfuce clectrie
properties con best be obisined by reoasuring the scattering or reflection
coefficient for varyinz reflection angics from a fixed arca on the surface.
This would require rotatin: the high gnin antenna in order to keep it
oriented to a particular spot oo the surface as the Qrolter moves in its
orbit.

In order to ensure thls functlon withiout undus reguirements on the atil-
tude control system, a two axis rotution capability for the high gain
antenna might have to be added. Thie problen has slready been investi-
gated for use on the present lunar Oroiter and found to be feasibdle.

In such a mode the scatterling data would huve to be both time and antenna
anzle tngged in order to enndble accuratc procecsing of the data at the
DSIF. This data preferadbly wculd be continucus and would be transmitted
in its monitored anslog form to DSIF over the S-ban! hi h power-wide band-
width mode.

Altituide Meaowrensmtc: Al%itude measurements can be obituined by use of

a lecding edze altimeter operuting in o bi-static radar mode. The altituds
would be proportional to the difference betwecen the time of arrival of the
leading edge of the direct pulse a3 received by the Earth directed lov
gain antenna, and the reflected pulcc as received by the high gain antenna
normally oriented to the lunar surface.

The diameter of the cone illuminated on the lunar surfsce for various high
gain antenna beamvidths and orbit altitudes is given in Table I.

.
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ANTENNA EEAMAIDTH 8

AN / e I 6 | 10° ?
|; Sk AL Y E— A -.1 T AW e vt -
i

\ A !
N WA E 50 KM 1.75 KM 5.2 KM £.75 KM
i .
/ T . g 100 KM 3.9 KM 0 10.4 KM 17.5 KM |
Lo v\ B | R B
D R ! Qg
Diameter .A 500 KM 1I7.5 KM | 32 KM | 87.5 K
( JRapN— .......L...«.....A crr s vne o & v sttt o e vremn e

DIAMETER OF ILLUMINATED CONE

TABLE I

As shown 1in Teble I, cven {or o narrow bennrsidth, u large surface area
will be Intercepted. ilowever, the sizc of ilie arer -overeu can alos oo
limited by the duration of tue transmitted pulae wideh, This, however,
involves a trade study with she othor bl-static mrasurements. A 20
pulse per second pulse repeililon frequency appenrs satisinctory four tho
attitude measurements. :

The altitude measurecnmenta will be telemetered back to Earth separately
from the reflection coctifiirien: measure..ents.

Poaar Cross Scctiovn: The averave redar cross scoction area <enerally is
ol concern when you are in tne far field of rellector. Siace the
experiuents will be performed at a perilune of 50-100 K¥, which corres-
ponds 1o the near Ticld, the radar cross sectioned arca can be obtained
analytically by relating it to the reflection coefficient. In the far
field this relation is

g = R 02 w al

vhere a is the radius of the moon. In the near fileld, this relatian has
to be modified so as to take into account the surface ares illuminated,
untenna beamvidth, and surface roughness distrivution function. This 1s
thoroughly discussed in Reference (1).
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D.

Exnceriment Function Elewents

It L& preferable to separate the bi-static receiver anl equipment {rom

the coizzand and telemetry syntemws. Tols 16 most casily accomplished by
usin; different frequencies for each systes. The radar experiment could
use x-band (6 KMC) which would permit the use of facilities such as Lin-
coln labs Haystack Radar, while the comuand cnd telemetry systems could
sirulteneously use the assiyned 2 KL Lunar Orbiter channel. Pulse radar
probably would be used as 1t lends {tseld mont earily to altitude meapures~
Lents. Miltitone ew radar could, however, be used. The maximum pulse

rate 1s equal to the reciprocal of the time to {1llurmirate the entire sphere
or 85 pps if the entire curface 1s illminated. Ideally, the altimeter
measurcoents would use pulse transmission, while the reflection coefficient
measurements could use contimuous cv transmission.

6-Band
High Gain -

V (\.P Antenna
. R
N, 1 Axis Drive

———-—-Lr_'h'anopondcr Rk
Input wo MHod. .
Gelector X-Band
i High Gain = &
nta slorase - - L R Dipole \‘TJ
not required | Data T |
{f hish caint  Storege 1 Y1 Axis
aagtenna FlL Y - - - = - ’ 1‘3:’ Qai_n I /-C/ Drive
is used to relay ‘ o Aovens i
data to DSIF | 3 JInstruncntation Radar o ‘;
. Equipment | Recelver
Block Diagram for Transponder - Bi-Static Instrumcntation Interface
Weight of Bi-Static Equipuent:
Complete dipole assembly 1 1b. ,
Hizh Gain antenna
. Gear Drive (Optional) : .
. Boom 2.3
. Dish and Feed 2-"
s ¥ mes
. L-5 lus.
Receiver and miscellanecus equipment 3 lous.
. R-100369-1
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If the high gain antenna 15 to be rotated about Z-axis in order to
mcagure the scattering from & particular area on the surtoce, an
additional antenna drive mechanisi would have to be added to the
boom. Tais would increase the weiiht by 2-3 lus.

Mission Requirenrents

l. Attitude Requirements - The existin: attitude vysten 18
seulficient for the bi-stetic ravar experisents. IS Tixed
antcona operation rather than 2-uxis rotustion is useu, the
attitude of the spacecraft, for ecch teasurcment - orbit
pass, will have to be adjusted so thut i Loom is parallel
to the lunar surince und ls purpendicular to the orbit
airection. This attitude resiraint will permit all previous-
i1y described measurement to be iade, including senttoering
itom a particular areun ns a function of reflection angle,

2. Experiment tlme per puse and towal 1ife - For a satis-
lactory operatir. altituds control systern no miatinam operat-
ing time prer pass exists. The actusl lensth of the missica
will depend on the area selected for the measurcments, but
will be less than 20 anys.

3. Solar Illumination Constraints - HNone, in fact the ncise
levels are less when the Moon is not solar {illuminated, though
thils i1s not imporiant. .

k. Altitude Constraints - A perilune of 50 KM to 100 KM is
required in order that the lunur surface appear as a plane
to the incident, and reflected waves, .

5. nelination Constraints - Generally, thoush nol neso aoary,
arcas whose incident waves are normal to toe surfoace will be
sclected, Measuremente can not ve made whea the spacecraft
orbit 1s such that the direct waves are within tiic beamwidth
of the high gain antenna (with 5° of the horizan).

6. Correlation with Other Experimente - No direct comncction
exlsts with the other experiments though the data should be
correlnted with the results of the other experiments, i.e.,
photosraphy and radiometry measurenent.

Experluent Paraueters v

1. Measurements:

a. Reflection coefficient measurementa - w0 slmuitezncous
measurements consisting of the dircct and reflecied signal
strength.

12-100309-1
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b Altimeter Mcacurements - The time dclay between the
arrival of the direct and reflected pulse. This could
be pertonr.ec for cach pulsc though the delny time may
be "smoothed" Ly uvernging over ceveral pulses in a
servo systeu,

Sensltivity - As ctron signaols for beth the direct ond
reflected waves can be expected a roceiver nolse figure of
10 db resulting in o noise dencity o -153 dbn per cps can
be used., Tais results in & noise level of - 150 db in &
100 cycle bandwidth.

Dyncmic Range - As the transattted powver cun be varied (up
te. 100 KW) a lincar rodr receiver with o dynamie range of
<70 ¢ = 140 dbm would probably be satisfactory.

Power Requirements =~ As no spacecraft transritter is re-
quired, 2 - 6 watts should be sulfficleny to operate the oiti-
aeter, radar recciver and weasurcment equipment. This does
not include the powcr required to operate the S-band trans-
ponder and tranemitter.

Environmental Requircments - Present Lunar Orbiter specifi-
catians.

Younting Requiremcents - The eluctronics can be mounted
similar to that in the present Lurar Orbiter. The high and
lov gain antennas should be mounted such that for normal inci-
dence their beam axis’feparated by 100°, as shown below:

! iish godon bean axis
Mounting or Separation of X-Band Anteanas

Figure 1

1i2-100369-1
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9.

10.

Dircetivity of Antennas -« The X~band antennas shall have
sufficlent directivity such that the refleccted and dircct
waves do not interfere with each other,

Puysical Dimensions = Five to six pounds and 100-200 cubic
inches for the receiver and electronies. In addition, from
nine to twelve pounds for rotatable antenxas are also required.

Sensor and Electronics Separability - Bee Item & above, ;
for only requirements. :

Output Requirements

a. CSeparate analog signals for bota direct and reflected
wvaves and the necessary time and angle tagged data. :
Tais i{nformation can be transmitted to Farth over the _ !
present high power node, '

b. Discrete averag;cd altitude datn as deotermined by the
bl-static radar altizeter, Tie preccni telewetry
system is capable of trancmitting this datn to Eorth.

Data Btorage Requirements - None required if the precent S-Band
lunar orbiter hich power transmitter con be used simultaneously

with the proposcd X-Pand radar mcasurements. This will permit the
relaying to Barth 2 3 1/3 M wide si,;nal, providing ruple room to
place each measurcnent on its own subcarrier for processing on Earth,

Frequency =« An X-Tané radar frequency { approximately 7 - 10KMC)
was assun2d in order to provide igolnticn with the 2 3L carmand
and control systew and to permit the use of radar facilities such
as Haystack at Lincoln Iab. Several frequencies could be ugsed for
the experiments. Each frequency wvould require, however, a sepsrate
receiver or front end.,

¥-100369-1
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